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ABSTRACT
STUDIES OF PLASMA MEMBRANE DOMAIN-SPECIFIC MDLECULES IN ISOLATED AND
CULTURED RAT HEPATO CITES 
Pamela L e s l ie  Z e i t l i n  
Y ale U n iv e rs ity  
1983
S in g le  r a t  h e p a to c y te s , p re p a re d  by co lla g e n a se  p e r fu s io n  o f  l i v e r ,
l o s t  th e  th r e e  m o rp h o lo g ica lly  and fu n c t io n a l ly  d i s t i n c t  p la s ma membrane
domains t h a t  e x i s t  in  s i t u  ( s in u s o id a l ,  b i l e  c a n a l ic u la r ,  and l a t e r a l ) .
H epatocy tes p la c e d  i n  m onolayer c u l tu r e  r e - e s ta b l i s h e d  m orp h o lo g ica lly
d i s t i n c t  p lasm a membrane re g io n s  analogous to  th e  o r ig i n a l  th re e  domains.
The b e h a v io r  o f  s e v e ra l  d o m a in -sp e c if ic  m arkers was s tu d ie d  i n  th e se  c e l l s .
The a s ia lo g ly c o p ro te in  (AS6P) r e c e p to r ,  an i n t e g r a l  membrane g ly c o p ro te in
no rm ally  r e s t r i c t e d  a t  th e  s u r fa c e  to  th e  s in u s o id a l  domain i n  s i t u ,  was
re ta in e d  i n  b o th  s in g le  h e p a to c y te s  (> 95%) and in  c e l l s  a f t e r  24 h r  in
m onolayer c u l tu r e  b u t a t  low er l e v e l s .  C ytochem istry  w ith  a s ia lo -o ro s o -
m u co id -h o rse rad ish  p e ro x id a se  re v e a le d  th a t  th e  r e c e p to r  was co n cen tra ted
in  p i t s  and d i f f u s e ly  d i s t r i b u te d  a long  th e  e n t i r e  c e l l  s u r fa c e  o f i s o la te d
c e l l s .  However, i n  24 h r  c u l tu re d  c e l l s ,  th e  t r a c e r  l i n e d  a l l  plasm a
membrane s u r fa c e s  ex ce p t th o se  o f  b i l e  c a n a l ic u la r - l ik e  sp a c e s . In
b o th  c e l l  system s, th e  s u rfa c e  r e c e p to r  con tin u ed  to  fu n c tio n  i n  th e
125re c e p to r-m e d ia te d  en d o cy to sis  o f  I -a s ia lo -o ro so m u c o id .
C e ll  s u rfa c e  and in t e r n a l  p o o ls  o f ASGP re c e p to rs  w ere measured 
and lo c a l iz e d  by e le c tro n  m ic ro sco p ic  au to rad io g rap h y  (EM-ARG) o f 
f ix e d  and p e rm e a b iliz e d  h e p a to c y te s . B inding  s i t e s  were co n cen tra ted  
i n  th e  plasm a membrane, p e r ip h e r a l  cy toplasm , G olgi complex, and cyto­
plasm  w ith in  1 pm o f th e  G olgi complex. C e ll su rfa c e  re c e p to rs  accounted 
fo r  16% o f  t o t a l  c e l l u l a r  r e c e p to r s .  The numbers o f  s u r fa c e  and t o t a l
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re c e p to rs  were m easured in  c u ltu re d  c e l l s  and found to  b o th  de­
c re a se  by 80Z a f t e r  72 h r  i n  c u l tu r e .
The le v e l  o f  a  b i l e  c a n a l ic u la r  domain a n tig e n , HA4, was found 
by radioim m unoassay to  rem ain  a t  n e a r  norm al le v e ls  f o r  a t  l e a s t  72 h r  
i n  c u l tu r e .  By in d i r e c t  im nunofluorescence b o th  HA4 and th e  ASGP 
r e c e p to r  were found on a l l  s u r fa c e s  o f  th e  c u ltu re d  c e l l s ,  however 
th e  HA4 was c o n c e n tra te d  in  p a tch es  betw een c e l l s  a t  24 h r .
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G en era l In tro d u c tio n
I s o la te d  h e p a to c y te s , p re p a re d  by r e c i r c u la t in g  co llag en a se  p e r ­
fu s io n  o f  r a t  l i v e r ,  lo s e  th e  3 m o rpho log ica lly  i d e n t i f i a b l e  plasm a 
membrane domains -  s in u s o id a l ,  b i l e  c a n a l ic u la r ,  and l a t e r a l  s u r f a c e s .  
These c e l l s  can be m a in ta ined  f o r  s e v e ra l  h o u rs  in  su spension  o r  
p la c e d  in  m onolayer c u l tu re  w here co n flu e n t c e l l s  r e - e s ta b l i s h  t i g h t  
ju n c t io n s  and desmosomes and ap p ea r to  form s p e c ia l iz e d  plasm a membrane
*
re g io n s  analogous to  th e  3 domains in  v iv o . The g e n e ra l q u e s tio n  to  
b e  answered i n  t h i s  th e s i s  i s  -  What happens to  th e  to p o g ra p h ic a l 
d i s t r i b u t io n  o f  a  s in u s o id a l  domain m arker, th e  a s ia lo g ly c o p ro te in  (ASGP) 
r e c e p to r ,  and a  b i l e  c a n a l ic u la r  m arker, HA4, when i s o la te d ,  u n p o la riz e d  
h ep a to cy te s  a r e  p re p a re d , and w hat i s  th e  d i s t r i b u t io n  o f  th e se  domain 
m arkers i n  h e p a to c y te s  i n  m onolayer c u ltu re ?  I n  o th e r  w ords, i s  
u l t r a s t r u c t u r a l  s p e c ia l iz a t io n  accompanied by co m p o sitio n a lly  d i s t i n c t  
r e p o la r iz a t io n ?
The in t ro d u c t io n  to  C h ap te rs  I  and I I  c o n ta in s  a  review  o f  th e  
l i t e r a t u r e  on th e  d isc o v e ry , c h a r a c te r iz a t io n ,  and lo c a l iz a t i o n  o f  th e  
ASGP r e c e p to r .  The in t r o d u c t io n  to  C hap ter I I I  d is c u s s e s  what i s  known 
abou t e p i t h e l i a l  c e l l  s u r fa c e  p o l a r i t y  and p a r t i c u l a r l y ,  w hat i s  known 
f o r  th e  h e p a to c y te . A su rvey  o f  th e  l i t e r a t u r e  on prim ary  h ep a to cy te  
m onolayer c u l tu r e  i s  in c lu d ed  w ith  s p e c ia l  em phasis on th e  q u e s tio n  o f  
c e l l  p o la r i ty  in  th e se  sy stem s.
C hapter I  c o n ta in s  the  b io ch em ica l and m orpho log ica l c h a ra c te r iz a t io n  
o f  i s o la te d  h e p a to c y te s  and c e l l s  i n  m onolayer c u l tu r e .  The o v e r a l l  
q u e s tio n  asked  i n  t h i s  c h a p te r  i s  -  How many s u r fa c e  ASGP re c e p to rs  a re  
th e re  i n  b o th  system s and w hat i s  t h e i r  u l t r a s t r u c t u r a l  d is t r ib u t io n ?  The
4
e f f e c t  o f  th e  enzym atic d i s s o c ia t io n  p ro cess  on th e  number o f  c e l l  su rfa c e  
b in d in g  s i t e s  f o r  ASGPs i s  determ ined  and th e  a b i l i t y  o f  i s o la te d  c e l l s
1
• -  j -         __________________________
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to  r e p le n is h  th e  c e l l  su r fa c e  p oo l i s  I n v e s t ig a te d .  The b in d in g , u p ta k e , 
and d e g ra d a tio n  o f  ^ ^ I -a s ia lo o ro so m u c o id  (^^I-A SO R ) a t  37°C i s  compared 
between i s o la t e d  and c u l tu re d  c e l l s ,  and th e  i n t r a c e l l u l a r  f a te  o f
i n r
I-ASOR a t  37 C in  i s o la te d  c e l l s  i s  shown to  b e  analogous to  th e  f a te s  
o f  ASGPs in  v ivo by e le c t r o n  m icro sco p ic  au to rad io g rap h y  (EM-ARG). Using 
an EM t r a c e r ,  ASOR coupled to  h o rs e ra d is h  p e ro x id a se , th e  ASGP re c e p to r  
i s  shown to  r e d i s t r i b u t e  o v e r th e  e n t i r e  c e l l  s u r f a c e  o f  i s o la te d  h ep a to ­
c y te s ,  y e t  th e  t r a c e r  ap p ea rs  to  be excluded  from  th e  b i l e  c a n a l ic u la r -  
. l i k e  sp aces  form ed by c e l l s  i n  m onolayer c u l tu r e .
C hap ter I I  p re s e n ts  a  more d e ta i le d  exam ination  o f  th e  r e la t io n s h ip  
o f  c e l l  s u r fa c e  ASGP re c e p to rs  to  t o t a l  c e l l u l a r  ASGP b in d in g  s i t e s  in  
i s o l a t e d  h e p a to c y te s . The m ajo r q u e s tio n  h e re  i s :  Can we m easure and 
lo c a l i z e  th e  i n t r a c e l l u l a r  p oo l o f  ASGP re c e p to rs ?  P re - f ix e d  and p e r ­
m e ab ilized  h e p a to c y te s  a re  exposed to  ^ ’’i-ASOR a t  5°C and th en  developed  
f o r  LM o r  EM-ARG. B inding  s i t e s  a r e  d isco v e re d  i n  th e  p e r ip h e ra l  cy to ­
plasm  and G olgi-lysosom e re g io n s . S im u ltaneously  f ix e d  and p e rm e a b iliz e d  
c e l l s  exposed to  I—ASOR a t  5°C and p ro cessed  f o r  EM-ARG e x h ib i t  a
c o n c e n tra tio n  o f  b in d in g  s i t e s  on th e  plasm a membrane, th e  p e r ip h e ra l  
cy toplasm , th e  G olg i complex, and in  th e  cy top lasm  w ith in  1 pm o f  th e  
G olg i complex. The p e rce n tag e  o f  re c e p to rs  exposed by f ix a t io n  and 
p e rm e a b il iz a t io n  o r  s o lu b i l iz e d  by T r i to n  X-100 i s  determ ined . A 
f r a c t io n  o f  c e l l  ASGP re c e p to rs  i s  dem onstrated  to  be masked, b u t can 
be re v e a le d  by EGTA tre a tm e n t. The recovery  o f  c e l l  s u r fa c e  b in d in g  
a c t i v i t y  a f t e r  c o llag en a se  exposure i s  shown to  o c c u r  a t  th e  expense o f 
th e  in t e r n a l  p o o l re v e a le d  by p r e - f ix a t io n  and p e rm e a b il iz a t io n .
C hap ter I I I  c o n t ra s ts  th e  b eh av io r o f  2 domain m arkers in  c u l tu re d  
h e p a to c y te s . The g e n e ra l q u e s tio n  i s  -  How much rem ains and what i s  th e  
s u r fa c e  d i s t r i b u t io n  o f  a s in u s o id a l  and a b i l e  c a n a l ic u la r  domain m arker
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when 'i s o la te d ,  u n p o la rized  h e p a to c y te s  a re  p la ced  i n  m onolayer c u ltu re ?
The numbers o f  s u rfa c e  and t o t a l  ASGP re c e p to rs  Cthe s in u s o id a l  domain 
m arker) a re  shown to  d ecrease  by 80% o v er 72 h r  in  c u l tu r e  u nder a  v a r i e ty  
o f  c o n d i t io n s .  In  c o n t ra s t  to  th e  ASGP. re c e p to r ,  HA4 Ca b i l e  c a n a l ic u la r  
domain m arker) i s  shown by radioim m unoassay to  rem ain  a t  i n i t i a l  le v e ls  
a t  l e a s t  th rough  72 h r .  I n d i r e c t  im m unofluorescence u s in g  a n tib o d ie s  to  
th e  m a jo r band o f  th e  ASGP r e c e p to r  (p o ly c lo n a l)  and to  HA4 (m onoclonal) 
d em o n stra tes  th e  p resen ce  o f  b o th  a n tig e n s  on a l l  plasm a membrane s u rfa c e s  
i n  c u l tu r e d  c e l l s ,  howeyer, th e  HA4 i s  co n c e n tra te d  i n  p a tc h e s  between 
c e l l s  under s e v e ra l  o f  th e  c u l tu r e  c o n d itio n s  t e s t e d .
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In tro d u c t io n  to  C hapters I  and I I  
The A s ia lo g ly c o p ro te in  (ASGP) R ecep to r 
H is to r i c a l  P e rsp e c tiv e s
The a s ia lo g ly c o p ro te in  (ASGP) r e c e p to r  i s  an h e p a t ic  me mbrane g lyco­
p r o te in  t h a t  fu n c tio n s  in  th e  c le a ra n c e  o f  g a la c to s e - te rm in a tin g  serum 
g ly c o p ro te in s  from th e  c i r c u la t io n .  I t  h as  emerged as one o f  th e  most 
w id e ly  s tu d ie d  re c e p to rs  f o r  b o th  i t s  carbohydra te  s p e c i f i c i t y  and i t s  
r o le  i n  th e  mechanism o f  re c e p to r-m e d ia te d  e n d o c y to s is .
The i n i t i a l  o b se rv a tio n s  w ere made d u rin g  a  s tu d y  o f  th e  r e g u la t io n  
o f  copper m etabolism  by c e ru lo p la sm in . A t r i t i a t e d  ce ru lo p la sm in  was 
p re p a re d  by neuram in idase  rem oval o f  s i a l i c  a c id ,  o x id a tio n  o f  th e  exposed 
re s id u e s  by g a la c to s e  o x id a se , and re d u c tio n  o f  th e  aldehyde w ith  t r i t i a t e d  
b o ro h y d rld e . When in je c te d  in t o  th e  c i r c u la t io n  o f  th e  r a b b i t ,  th e  
r a d io a c t iv i ty  d isap p ea red  w ith  a  o f  s e v e ra l  min, much f a s t e r  th an  the 
t*s f o r  n a t iv e  c e ru lo p la sm in , 56 hours ( 1 ) .  W ith in  30 m in, more than  80% 
was reco v e red  in  th e  l i v e r .  The a s ia lo  (AS) d e r iv a t iv e s  o f  a  number o f 
plasm a p r o te in s  -  orosom ucoid (OR), fetirLn ( F ) , h a p to g lo b in , and c ^ -  
m a cro g lo b u lin  -  behaved s im i la r ly  i n  subsequen t e x p e rim e n ts . U sing 
p a r t i a l l y  d e s ia ly la te d  p re p a ra t io n s  o f  ce ru lo p lasm in , i t  became ap p aren t 
t h a t  exposure o f  any 2 g a la c to s y l  re s id u e s  was s u f f i c i e n t  f o r  rem oval o f  
th e  p r o te in  from th e  c i r c u la t io n .
I n  V itro  B inding  P ro p e r t ie s
The i n i t i a l  b io ch em ica l c h a r a c te r i s t i c s  o f  ASGP b in d in g  a c t i v i t y  w ere
d eterm ined  on r a t  l i v e r  plasm a membranes p re p a re d  acco rd in g  to  th e  method
125o f  N e v il le  (2) as m o d ified  by Ray (3) . S p e c i f ic ,  dose-dependent I -
125asia lo o ro so m u co id  ( I-ASOR) b in d in g  was dem onstra ted  (A ). Calcium (2-40  mM) 
was re q u ire d , and b in d in g  was s e n s i t iv e  to  EGTA, t r y p s in ,  h e a t ,  p h o sp h o lip ase  
C (4 ,  5 ) ,  and neuram in idase ( 4 ) .  C om petitive i n h i b i t i o n  o f b in d in g  was
4
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observed  w ith  an excess o f  ASOR, ASCP, ASF, A S -hap tog lob in , and AS-human 
c h o r io n ic  g lo b u l in ,  b u t n o t  w ith  th e  I n t a c t  forms o f  C, OR, F, o r  
h a p to g lo b in  (1 ) .
A d i r e c t ,  q u a n t i ta t iv e  b in d in g  a ssay  f o r  plasm a membranes was developed
(6 ) .  The pH optimum was 7 .3  and d e c lin e d  s h a rp ly  below pH 6 . The o p t i -  
| |
mum Ca c o n c e n tra tio n  was 3  mM b u t rem ained h ig h  o u t to  50 mM. B inding 
was e s s e n t i a l ly ' i r r e v e r s i b l e  w ith  subsequen t a d d i t io n  o f  u n la b e le d  l ig a n d , 
and th e  f o r  half-m axim al b in d in g  was 0 .5  nM.
The S i te s  o f  U ptake o f ASGPs In  ‘Vivo
Because th e  l i v e r  i s  composed o f  s e v e ra l  c e l l  ty p e s  -  70% h e p a to c y te s , 
15% K upffer c e l l s ,  and 15% e n d o th e l ia l  c e l l s  -  th e  plasm a menbrane p re p a ra ­
t io n s  from r a t  l i v e r s  cou ld  be  he terogeneous in  o r ig in  ( ig n o rin g  f o r  th e  
moment th e  p o s s i b i l i t y  o f  co n tam in a tio n  w ith  s u b c e l lu la r  o rg a n e l le s ) .  To 
ad d ress  th e  q u e s tio n  o f  th e  c e l l u l a r  s i t e ( s )  o f  u p tak e  e l e c t r o n  m icro sco p ic
au to rad io g rap h y  (EM-ARG) o f  l i v e r s  a f t e r  in tra v e n o u s  (IV) a d m in is tra t io n  
125o f  I -g ly c o p ro te in s  was perform ed (7 ) .  Q u a n ti ta t iv e  a n a ly s i s  showed th a t  
> 90% o f  th e  r a d io a c t iv i ty  from  3  d i f f e r e n t  g a la c to s e - te rm in a tin g  g lyco­
p ro te in s  was found in  h e p a to c y te s . In  c o n t ra s t  to  th e se  r e s u l t s  w ith  
s o lu b le  ASGPs, p a r t ic u la te -b o u n d  ASGPs, such a s  ASF-gold (ASF-Au) were 
s p e c i f i c a l ly  bound to  i s o l a t e d  K upffer c e l l s  (8 ) .
The EM-ARG experim en ts w hich id e n t i f i e d  th e  h e p a to c y te  as th e  s i t e  
o f  ASGP u p ta k e , a ls o  su g g es ted  a  nonuniform  d i s t r i b u t i o n  o f  ASGP b in d in g  
w ith in  th e  s in u s o id a l  domain. ARG g ra in s  were p r e f e r e n t i a l l y  lo c a l iz e d  
a t  th e  b a se s  o f  m i c r o v i l l i ,  a  p o s i t io n  su g g e s tiv e  o f  co a ted  p i t s .  To 
improve upon th e  r e s o lu t io n  o f  EM-ARG (^  lO O O X ) , 2 e le c t r o n  m icroscop ic  
t r a c e r s  -  ASOR coupled to  h o rs e ra d is h  p e ro x id a se  (ASOR-HRP) and la c to -  
sam inated  f e r r i t i n  (L ac-F er) -  were sy n th e s iz e d  (9 ) .  At 1 .5  nrln fo llo w in g  
in  vivo in j e c t i o n ,  th e se  t r a c e r s  were d e te c te d  in  p i t s  and v e s ic le s  
o f -  1000X n e a r  th e  c e l l  s u r f a c e .  P i t s  and v e s ic le s  accoun ted  f o r  65%
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o f  th e  t o t a l  c e l l - a s s o c ia te d  L ac -F er, and a t  l e a s t  20% was a s s o c ia te d  
w ith  uncoated  plasm a membrane re g io n s . Thus, in  v iv o , a t  p h y s io lo g ic  
te m p e ra tu re s , th e  s i t e s  o f u p tak e  appear to  be in  coa ted  p i t s .
The r a p id  k in e t ic s  o f  up take  f o r  ASGP's in  vivo p re v e n te d  any 
co n c lu s io n s  concern ing  th e  i n i t i a l  b in d in g  s i t e ( s )  p r io r  to  i n t e r n a l i z a t i o n  
v ia  th e  co a ted  p i t .  H a ll and Hubbard (10) used  a  p e rfu se d  l i v e r  system  
e n ab lin g  them to  v is u a l iz e  b in d in g  s i t e s  a t  tem p era tu res  < 5°C and 
a f t e r  form aldehyde p r e - f ix a t io n  -  c o n d itio n s  t h a t  b lo ck  lig a n d  i n t e r ­
n a l i z a t io n .  Under bo th  c o n d itio n s , ASOR-HRP and L ac-F er w ere c o n c e n tra te d  
in  co a ted  p i t s  and d i f f u s e ly  d is t r ib u te d  o v e r  most o f  th e  r e s t  o f  th e  
s in u s o id a l  p lasm a membrane. However, lig a n d -in d u c e d  c lu s te r in g  o f  
re c e p to rs  even a t  4°C o r  a f t e r  l i g h t  p r e - f ix a t io n  s t i l l  cannot be ru le d  
o u t.
The I n t r a c e l l u l a r  F a te  o f  ASGPs
The f p te r n a l i z a t io n  o f  ASGPs i s  v ery  r a p id  i n  v iv o . T race  doses o f 
ASF have a  t*s o f  91 sec  (11) -  2 min (7) i n  th e  c i r c u la t io n .  H igher 
doses have r e s u l te d  in  maximum uptake r a te s  o f  10-20 yg/m in /100  g r a t  
(7 , 1 2 ) .
The ra p id  r a t e  o f  u p tak e  was v e r i f i e d  by m orpho log ical exam ination
o f  l i v e r s  a t  e a r ly  tim es a f t e r  th e  IV i n j e c t i o n  o f  EM t r a c e r s .  EM-ARG 
125o f  I-ASOR up take in  v ivo  re v e a le d  a tim e-dependen t r e d i s t r i b u t i o n  o f
g ra in s  from th e  plasm a membrane a t  1-2 min to  the  ly sosom e-G olg i reg io n
between 4 and 15 min (13 ). F o rty  p e rc e n t o f  th e  g ra in s  rem ained in  the
in te rm e d ia te  cytoplasm , 60% lo c a l iz e d  in  lysosom e re g io n s  a t  30 min, w ith
th e  g r a in  d e n s ity  over secondary  lysosom es 60-90 fo ld  h ig h e r  th an  over
G olgi e lem en ts . The u lt im a te  d e s t in a t io n  f o r  ASGPs appeared  to  be the
125lysosom e, and p ro te o ly s is  o f  I-ASGPs was v e r i f i e d  by d e te c t io n  o f  
125 I-m o n o -io d o ty ro sin e  in  th e  t i s s u e  15 min p o s t - in je c t io n .
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U sing h ig h e r  r e s o lu t io n  EM t r a c e r s  (ASOR-HRP and L a c -F e r), a  
complex arrangem ent o f  smooth su rfa c e d  v e s ic le s  and tu b u la r  s t r u c tu r e s  
a t  th e  s in u s o id a l  p e r ip h e ry  o f  th e  c e l l  was observed  to  c o n ta in  lig a n d s  
as  e a r ly  as  30 sec  a f t e r  IV a d m in is tra t io n  (9 ) . B eginning a t  5 min, 
th e  t r a c e r s  c o l le c te d  in  la rg e  i r r e g u l a r  v e s ic l e s  and tu b u le s  and 
v e s ic le s  o f  < 200Q& d ia m e te r  i n  th e  G olg i-lysosom e re g io n . S e r ia l  
s e c t io n s  showed c o n t in u ity  betw een th e se  s t r u c tu r e s .  Some o f th e  
L a c -F e r-c o n ta in in g  v e s ic le s  a ls o  co n ta in ed  a r y l  s u l f a t a s e  r e a c t io n  
p ro d u c t i n  experim ents developed  f o r  cy to ch em istry  in d ic a t in g  fu s io n  
w ith  lysosom es.
U sing a  b iochem ical approach , in v e s t ig a to r s  have perform ed s u b c e l lu la r  
f r a c t io n a t io n  experim ents t h a t  su p p o rted  th e  h y p o th e s is  t h a t  ASGPs a re  
ra p id ly  ta k e n  up and c a ta b o liz e d  by lysosom al enzymes. LaBadie e t  a l  
(11) i d e n t i f i e d  2 p o p u la tio n s  o f  r a d io a c t iv e  v e s ic le s  (12 ndn p o s t­
in je c t io n )  on su cro se  g r a d ie n ts  -  one band ing  w ith  a  lysosom al m arker 
enzyme, hexosam in idase, and th e  o th e r  m ig ra tin g  w ith  a  f r a c t io n  o f  th e
p h o sp h o d ie s te ra se . In c u b a tio n  o f  th e  i n t a c t  ly sosom al f r a c t io n  r e s u l t e d
125i n  r e le a s e  o f  io d o ty ro s in e  in d ic a t in g  t h a t  th e  I-ASGPs were degraded .
S im ila r  experim ents have been perform ed w ith  i s o l a t e d  h e p a to c y te s .
125C e lls  t h a t  were exposed to  I-ASF f o r  10 min were f r a c t io n a te d  by 
d i f f e r e n t i a l  c e n t r i f u g a t io n  a t  v a ry in g  tim es a f t e r  r in s in g  o u t th e  
unbound lig a n d  (1 4 ). W ith in c re a s in g  tim e , th e  r a d io a c t iv i ty  c o l le c te d  
in  a  f r a c t io n  banding w ith  N -ace ty l-B -g lu co sam in id a se . In  a  l a t e r  
s tu d y  (1 5 ), th e  a u th o rs  used  iso p y c n ic  c e n t r i f u g a t io n  on a 25-53% w/w 
su c ro se  g ra d ie n t and ob serv ed  a  tim e-dependent s h i f t  i n  r a d io a c t iv i ty  
from f r a c t io n s  m ig ra tin g  w ith  5 ' -n u c le o tid a s e  a c t i v i t y  to  f r a c t io n s  
a t  th e  p o s i t io n  o f  th e  N -ace ty l-B -g lu co sam in id ase . In  b o th  t h i s  
experim ent (15) and a  s tu d y  o f  th e  uptake o f  a s i a lo - lu te in iz in g  hormone
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(1 6 ) , some p r o te o ly s is  was d e te c te d  p r io r  to  th e  s h i f t  in  r a d io a c t iv i ty  
to  th e  lysosom al f r a c t io n s .  I t  cannot be determ ined  from  th e se  s tu d ie s ,  
w hether t h i s  r e p re s e n ts  a  s ig n i f i c a n t  a c t i v i t y  o r  an a r t i f a c t  o f  th e  
i n  v i t r o  c o n d i t io n s .
At t h i s  p o in t  th e  f a t e s  o f  bo th  lig a n d  and r e c e p to r  become con­
fu s in g . Given th e  ra p id  u p take  and tu rn o v e r o f  la r g e  q u a n t i t i e s  o f  
lig a n d , th e  r e c e p to r  must have a  d i f f e r e n t  f a te .  I n  o rd e r  to  fo llow  
b o th  r e c e p to r  and lig a n d , immunochemical methods w ere developed . Work 
on th e  i s o l a t i o n ,  chem ical c h a r a c te r iz a t io n ,  and p ro d u c tio n  o f  s p e c i f i c  
a n t i s e r a  to  r e c e p to r  w i l l  h e  d isc u sse d  n e x t.
P u r i f i c a t io n  and C h a ra c te r iz a tio n  o f  th e  ASGP re c e p to r
The ASGP re c e p to r  was f i r s t  i s o la te d  by Hudgin e t  a l  (17) from a 
TX-100 e x t r a c t  o f  r a t  l i v e r  u s in g  ASOR-Sepharose a f f i n i t y  chrom atography. 
The 3 0 0 -fo ld  p u r i f i e d  p r o te in  co n ta in ed  10% by w eigh t s i a l i c  a c id , 
g a la c to s e , mannose, and g lucosam ine (1 :1 :2 :2  m olar r a t i o ) .  On SDS-PAGE 
2 carb o h y d ra te  r i c h  s u b u n its  (18) w ith  MWs o f  48,000 and 40,000 were 
observed  (1 9 ) . ASGP re c e p to r  i s o la te d  from human l i v e r  was composed o f  
a  s in g le  su b u n it o f  MW 41,000 (2 0 ) . For ASGP re c e p to r  i s o l a t e d  from r a t  
l i v e r ,  th e re  has been some v a r i a t io n  in  th e  su b u n it MWs and th e  r a t i o s  
o f  th e  bands re p o r te d . The m ajor band has v a r ie d  from  43 ,000-48 ,000  MW 
and 2-m inor bands o f  approx im ate ly  52,000 and 64,000 MW w ere observed  
(2 1 -2 3 ). Im m unoprec ip ita tion  w ith  monoclonal a n t ib o d ie s  to  th e  re c e p to r  
co n ta in ed  a l l  3 su b u n its  (23 , 24) su g g es tin g  a n t ig e n ic  s i m i l a r i t i e s  in  
a l l  3.
The fu n c t io n a l  s iz e  o f  th e  ASGP re c e p to r  appears  to  be g r e a te r  than  
a  s in g le  s u b u n it .  The s m a l le s t  fu n c tio n a l b in d in g  u n i t  f o r  th e  ra b b it  
r e c e p to r  was 500,000 Mf (1 9 ) . Using a  somewhat d i f f e r e n t  approach 
( r a d ia t io n - in a c t iv a t io n ) ,  S te e r  e t  a l  (25) a ss ig n ed  a fu n c tio n a l  MW
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o f  105,000 in  r a t  l i v e r  plasm a membranes.
Sepharose-im m obilized  re c e p to r  h a s  been used to  probe th e  b in d in g
s i t e  fo r  ASGPs. M eth y lg ly co sid es  o f  N -a c e ty l ga lac to sam in e  w ere more
125p o te n t  in h ib i to r s  o f  1-ASOR b in d in g  th an  th o se  o f  g a la c to se  (2 0 ) . 
S tu d ie s  u s in g  s y n th e t ic  n e o g ly c o p ro te in s  have su g g es ted  s t r u c t u r a l  
p a ram ete rs  o f  g ly co se  d e te rm in an ts  th a t  a f f e c t  b in d in g  (2 6 ) .
S u b c e l lu la r  D is t r ib u t io n  o f  th e  ASGP R ecep to r
Rat l i v e r  s u b c e l lu la r  f r a c t io n s  w ere te s t e d  f o r  ASGP b in d in g  
a c t i v i t y ,  and th e  f r a c t io n s  th a t  p o sse sse d  b in d in g  a c t iv i t y  e n r ic h e d  over 
s t a r t i n g  homogenate -  m icrosom as, G o lg i, plasm a m erbranes, and lysosom es -  
w ere p ro cessed  f o r  a f f i n i t y  chrom atography (2 1 ) . The m o b i l i t ie s  o f  the  
i s o l a t e d  re c e p to rs  on SDS-PAGE and s p e c i f i c  b in d in g  a c t i v i t i e s  w ere 
s im i la r  from a l l  so u rc e s . D e te rg en t re v e a le d  85% o f  th e  a c t i v i t y  in  
G olg i and smooth m icrosom es, b u t 100% o f  th e  ly sosom al a c t i v i t y  was 
a c c e s s ib le  i n  th e  absence o f  d e te rg e n t .  Given th e  h e te ro g e n e ity  o f 
s u b c e l lu la r  f r a c t io n s  i t  i s  d i f f i c u l t  to  i n t e r p r e t  th e s e  r e s u l t s .
The r a t i o  o f i n t r a c e l l u l a r  to  c e l l  s u r fa c e  b in d in g  a c t i v i t y  was 
in v e s t ig a te d .  W all e t  a l  (27) e s tim a te d  t o t a l  c e l l  r e c e p to rs  to  be 
5 -7  tim es th e  number o f  c e l l  s u r fa c e  re c e p to rs  d e te c te d  in  p e rfu se d  
r a t  l i v e r s  (10) a f t e r  d ig i to n in - t r e a tm e n t  o f  l i v e r  hom ogenates. S te e r  
and Ashwell (28) p re p a re d  d e te r g e n t- s o lu b i l iz e d  h e p a to c y te s  and m easured 
5% o f  th e  re c e p to rs  on th e  su rfa c e  and 95% in  a  d e te rg e n t- a c c e s s ib le  
p o o l. When i s o la te d  h ep a to cy te s  w ere used , as i n  th e  l a s t  s tu d y , 
s u b s t a n t i a l  v a r i a t io n  i n  th e  a b so lu te  number o f  re c e p to rs  m easured 
w ere re p o r te d . S u rface  lig a n d  b in d in g  s i t e s  a t  A°C have ranged  from
0 .7  x 10** p e r  c e l l  (28, 29) to  5 x  10** p e r  c e l l  (3 0 ) . Upon in c u b a tio n  
a t  37°C, th e  nunber o f c e l l  s u r fa c e  re c e p to rs  was observed  to  in c re a s e  
(28 , 29) th u s  a l t e r i n g  th e  c e l l  s u r f a c e / i n t r a c e l l u l a r  r e c e p to r  r a t i o .
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The b in d in g  d a ta  su g g es ted  th a t  a s u b s t a n t i a l  p ro p o r tio n  o f  t o t a l  
c e l l u l a r  ASGP r e c e p to r  was lo c a te d  in s id e  th e  c e l l .  To s tu d y  the 
s u b c e l lu la r  d i s t r i b u t io n  o f  r e c e p to r ,  Geuze e t  a l  (31) took an . 
im nuno-chem ical approach on u l t r a t h i n  s e c tio n s  o f  r a t  l i v e r .
The s e c t io n s  w ere t r e a te d  w ith  an tib o d y  to  th e  3 m ajo r bands o f  the 
ASGP re c e p to r  and th en  w ith  a  P ro te in  A -gold c o n ju g a te . Gold p a r t i c l e s  
w ere found on a l l  plasm a membrane domains (a  f in d in g  th a t  was i n  
c o n tra d ic t io n  to  work d em o n stra tin g  a s in u s o id a l  d i s t r i b u t io n  i n  i s o la te d  
plasm a membrane s h e e ts  ( 3 2 ) ) ,  and i n  100 nm v e s ic l e s  and l a r g e r  v acuo les 
a d ja c e n t to  th e  s in u s o id a l  membrane. No la b e l in g  o f  lysosom es o r  
G olgi was observed . Subsequent work w ith  more p u r i f i e d  a n tib o d ie s  
showed g o ld  l a b e l l i n g  o f  p redom inan tly  (8SZ) s in u s o id a l  membranes and 
o f  p e r ip h e ra l  v e s ic l e s ,  v e s ic l e s  w ith  tu b u la r  e x te n s io n s  and G olgi 
c i s t e m a e  (3 3 ).
R e u t i l i z a t io n  (R ecycling) o f  th e  ASGP R ecep tor
The p re se n c e  o f  s u b s t a n t i a l  i n t r a c e l l u l a r  b in d in g  a c t i v i t y ,  ra p id  
k in e t i c s  f o r  lig a n d  u p ta k e , and long (.88 h r )  t% f o r  th e  r e c e p to r  (22) 
have le d  many in v e s t ig a to r s  to  p o s tu la te  r e c e p to r  re c y c lin g . The 
q u e s tio n s : 1) w hat pathway does th e  re c e p to r  fo llo w  in  th e  c e l l ? ;  and 
2) where do lig a n d  and r e c e p to r  se p a ra te ?  need to  b e  answered b e fo re  
a c c e p tin g  th e  re c y c lin g  h y p o th e s is .
B ridges e t  a l  (34) a p p l ie d  computer m odeling to  ex p e rim en ta l 
v a lu es  d e riv e d  from I s o la t e d  h e p a to c y te s  f o r  i n t e r n a l i z a t i o n  r a t e s ,  
d is s o c ia t io n  o f  recep to i^ -lig an d  complex, and d e g ra d a tio n  o f  l ig a n d .  A 
model was p roposed  i n  w hich lig a n d  rem ains a s s o c ia te d  w ith  re c e p to r  
a f t e r  i n t e r n a l i z a t i o n ,  y e t  th e  complex d is s o c ia te s  p r io r  to  lig a n d  
d eg ra d a tio n . C e ll su rfa c e  re c e p to rs  a re  th en  re p le n ish e d  w ith  
unoccupied ones from an i n t e r n a l  po o l.
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Does re c e p to r  le a v e  th e  c e l l  s u r fa c e  w ith  lig an d ?  and w hat a re  th e  
c a n d id a te s  f o r  th e  m orpho log ica l c o r r e la te s  o f  th e  com partments 
p o s tu la te d  from th e  com puter model j u s t  mentioned?
The p o s s i b i l i t y  t h a t  r e c e p to r  does n o t  le a v e  th e  p lasm a membrane 
d u rin g  lig a n d  in t e r n a l i z a t i o n  was su p p o rte d  by S to c k e r t  e t  a l  (3 5 ).
I s o la te d  h ep a to cy te s  w ere t r e a te d  w ith  neuram in idase  to  p re v e n t 
r e c e p to r  re c o g n itio n  o f  g a la c to s e - te rm in a t in g  g ly c o p ro te in s , y e t  allow  
b in d in g  o f  N -a c e ty l-g a la c to sa m in e - te rm in a tin g  l ig a n d s .  E ndocy tosis 
o f  th e  l a t t e r  in  ex ce ss  o f  th e  c e l l  s u r f a c e  number o f  re c e p to rs  
con tin u ed  w ith o u t reap p earan ce  o f  ASOR b in d in g  o v er 50 m in. T o ta l 
c e l l u l a r  ASOR b in d in g  was unchanged a t  a l l  tim es . T h is  f in d in g  i s  i n  
c o n tra d ic t io n  to  what i s  re p o r te d  a f t e r  c o lla g e n a se  ex p o su re  o f
i n c  n
h ep a to cy te s  where b in d in g  to  I-ASOR in c re a s e s  a t  37 C (28, 29 , C hap ter
I )  perhaps r e f l e c t i n g  as  y e t  unknown g e n e ra l  e f f e c t s  o f  d i f f e r e n t  p ro te a s e s
on th e  c e l l  s u r fa c e . A si.m l.lar d i s s o c ia t io n  o f  t o t a l  c e l l  b in d in g  from
m easurab le  s u rfa c e  b in d in g  was observed  w ith  a n t i - r e c e p to r  an tib o d y . For
90 min fo llo w in g  s in g le  p a s s  p e r fu s io n  o f  r a t  l i v e r  w ith  anti-ASGP r e c e p to r
an tib o d y , no b in d in g  a c t i v i t y  was r e s to r e d  to  the  h e p a to c y te  s u rfa c e  (3 6 ) .
Both e n d o cy to s is  and r e s to r a t io n  o f  s u r f a c e  b in d in g  a c t i v i t y  were
b locked , w hereas t o t a l  homogenate b in d in g  was e s s e n t i a l l y  i n t a c t .
However, t h i s  d o e s n 't  p re c lu d e  n o n - s p e c if ic  c ro s s - l in k in g  e f f e c t s  o f
th e  an tib o d y  p re v e n tin g  norm al r e c y c lin g . In  an unusual a r t i f i c i a l
system , i t  was concluded th a t  i n t r a c e l l u l a r  re c e p to rs  a re  n o t n ecessa ry
f o r  en d o c y to s is . Doyle e t  a l  (37) in s e r t e d  th e  r a t  l i v e r  ASGP re c e p to r
in to  th e  su rfa c e  membrane o f  mouse L c e l l s  and dem onstra ted  b in d in g ,
125in t e r n a l i z a t i o n ,  and d e g ra d a tio n  o f I-ASOR th rough  2 c y c le s . However, 
th e  c y c le s  were ex trem ely  slow , o c c u rr in g  over 15 h o u rs  each , and I t  
i s  p o s s ib le  th a t  a  p o r t io n  o f  th e  r e c e p to r s  e q u i l ib r a te d  in to  an
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i n t r a  c e l l u l a r  p o o l
A second p o s s i b i l i t y  i s  th a t  r e c e p to r  and lig a n d  do e n te r  th e
c e l l  to g e th e r  and co n tin u e  to  th e  lysosom e where on ly  l ig a n d  i s
degraded and w here r e c e p to r  i s  " r e t r ie v e d " .  The in s e r t io n  o f  th e
r a b b i t  ASGP r e c e p to r  in to  b la ck  l i p i d  membranes caused a  v o l ta g e -
dependent in c re a s e  in  io n  conductance, and th e  b in d in g  s i t e  o f  th e
re c e p to r  was observed  to  t r a n s lo c a te  a c ro s s  th e  menbrane in  th e  p resence
p o s tu la te d  to  e x p la in  how re c e p to r  cou ld  be  sp a red  from  d e s tru c t io n  
i n  th e  lysosom e and i s  c o n s is te n t  w ith  th e  n o n - la te n t  b in d in g  a c t i v i t y  
m easured in  lysosom e f r a c t io n s  (2 2 ) . The same k in d  o f  n o n - la te n t  
b e h a v io r  was observed  f o r  a  v e s ic l e  f r a c t i o n  d i s t i n c t  from plasm a 
membrane, G o lg i, and lysosom es, th e  d iacytosom e (3 9 a ) . The p o s s ib le  
h e te ro g e n e ity  o f  sub c e l l u l a r  f r a c t io n s  makes t h i s  k in d  o f  d a ta  incon ­
c lu s iv e .  One way to  a sk  w hether r e c e p to r  from  th e  c e l l  s u r fa c e  e n te r s  
th e  c e l l  w ith  lig a n d  in v o lv e s  c ro s s l in k in g  o f  lig a n d  and r e c e p to r  
fo llo w ed  by warming to  37°C and subsequen t s u b c e l lu la r  f r a c t io n a t io n .  
Examples o f  c ro s s l in k in g  o f  r a t  l i v e r  p lasm a membrane I n s u l in  r e c e p to r  
to  i n s u l in  in c lu d e  th e  work o f  P i lc h  and Czech (39b) and Yeung e t  a l  (3 9 c ).
The t h i r d  p o s s i b i l i t y ,  th a t  r e c e p to r  and lig a n d  s e p a ra te  i n  a 
p re -ly so so m a l compartment i s  com patib le  w ith  th e  absence o f  r e c e p to r  
m o rp h o lo g ica lly  in  lysosom es. U sing q u a n t i ta t iv e  methods Hubbard 
e t  a l  (40) su g g es ted  th a t  th e  re c e p to r  re c y c le s  in  th e  absence o f  
e n try  in to  lysosom es b ased  on i n i t i a l  and f i n a l  c e l l  s u r fa c e  r e c e p to rs ,  
t o t a l  r e c e p to r s ,  and accum ulated lig a n d  a t  16°C, a te m p era tu re  which 
p re v e n ts  v e s ic l e  fu s io n  w ith  lysosom es (4 1 ) . There a re  a t  l e a s t  3 
p re -ly so so m a l com partm ents (9) i n  w hich lig a n d  accum ulates and which 
cou ld  se rv e  as  th e  p o o l from which to  r e t r i e v e  re c e p to r :  1) ty p e  I
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o f  an e l e c t r i c a l  f i e l d  and lig a n d , o r  Ca (3 8 ) . T h is  b e h a v io r  was
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endosomes, lo c a te d  n e a r  th e  s in u s o id a l  f r o n t ,  a re  composed o f  smooth 
membrane tu b u le s  and v e s ic le s  > 0 .2  pm i n  d ia m ete r, and may be th e  
same s t r u c tu r e s  la b e le d  w ith  r e c e p to r  an tib o d y  and P ro te in  A -gold  (3 2 );
2) Type I I  endosomes a re  s im i la r  m o rp h o lo g ica lly  b u t found n e a r  b i l e  
can a  l i  c u l l  i n  th e  Go l g i - l y  so so me re g io n ; 3) Type I I I  endosomes a re  
l a r g e r  v e s ic le s -  (0 .2 -0 .5  pm) w hich c o n ta in  s m a lle r  v e s ic l e s  and l i p i d  
p a r t i c l e s  and a r e  a ls o  found i n  th e  G olg i-lysosom e re g io n . S tru c tu re s  
s im i la r  to  th e  CURL (compartment f o r  uncoup ling  r e c e p to r  and lig a n d )  
v e s ic l e  d e sc r ib e d  by Schw artz e t  a l  (33) th a t  la b e le d  w ith  r e c e p to r  
an tib o d y  w ere found b o th  in  th e  p e r ip h e ry  and i n  th e  G olg i-lysosom e 
re g io n . We cannot y e t  conclude th a t  r e c e p to r - l ig a n d  com plexes e n te r  
th e  c e l l  to g e th e r  from th e  p lasm a membrane.
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CHAPTER I
C e ll S u rface  D is t r ib u t io n  and I n t r a c e l l u l a r  F a te  o f  
A s ia lo g ly c o p ro te in s  in  I s o la te d  and C u ltu red  Rat H epatocy tes
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MATERIALS AND METHODS
A. R eagents
C oU agenase (Type 1, l o t  #108C-0062), 3 - a m in o - l ,2 ,4 - t r i a z o le ,  3 ,3 ' 
diam Lnobenzidine (DAB) (g rade  I I ) ,  I n s u l in  (bov ine  p a n c re a s ) , h y d ro c o r tiso n e , 
g lu c o se  ox id ase  (ty p e  V ), p o ly v in y lp y rro lid o n e  (PVP-40, p h a rm aceu tica l 
g rad e) and c y c lohexird.de, w ere o b ta in e d  from Sigma ( S t .  L o u is , MO). 
L ac to p ero x id ase  ( p u r i f i e d  g rad e ) was from Calbiochem (La J o l l a ,  CA); 
g lu ta ra ld e h y d e , I l f o r d  L4 and K5 em ulsions were from  EM Sciences 
(F o r t  W orth, PA); c a r r i e r - f r e e  N a ^ I  and (m ethy l-^H )-thym id ine  (20 C i/ 
nmole) w ere o b ta in e d  from  New England N uclear (B oston , MA). D u lbecco 's  
m o d ified  E agles medium, f e t a l  b o v in e  serum , Hank’s  b a lan ced  s a l t  s o lu t io n
i n  i n
w ith o u t Ca , Mg , and HCO  ̂ , p e n ic i l l in /s t r e p to m y c in  (10,000 U /10,000 
mcg/ml) were from Gibco (Grand I s la n d ,  NY). A l l  o th e r  chem icals w ere 
re a g e n t g rad e . Male Sprague-Dawley r a t s  (120 gm) w ere pu rchased  from 
C harles  R iv e r. T issu e  c u l tu r e  d ish e s  (35 mm) w ere from  Lxix (Newbury 
P ark , CA).
B. S o lu tio n s
1 .  Ca+^/Mg+^ - f r e e  Hank’ s  b a lan ced  s a l t  s o lu t io n  (HBSS), pH 7.4
2. 0.05% C ollagenase  i n  HBSS w ith  4 mM CaCl^, pH 7.4
3. K reb s-H en se le it (42) w ith  5 nM g lu c o se , and w ith  o r  w ith o u t 2%
PVP-40 (KH, KH-PVP-40), pH 7.4
S o lu tio n s  1 -3  w ere c o n tin u o u s ly  oxygenated w ith  95% 0^/5% CO  ̂ d u rin g
u se .
4. C u ltu re  medium: D u lb ecco 's  MEM w ith  17% h e a t - in a c t iv a te d  f e t a l
bov ine  serum, 0 .5  pg/m l in s u l i n ,  20 mM g lu co se , 1 pM h y d ro c o r tiso n e , 
p e n ic i l l in /s t r e p to m y c in  (100 U/100 mcg/ml) (DMEM).
C. P re p a ra tio n  o f  D is so c ia te d  H epatocy tes
Sprague-Dawley r a t s  w ere s ta rv e d  o v e rn ig h t b e fo re  use . The l i v e r
I S
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was f i r s t  p e rfu se d  i n  s i t u  th rough  th e  p o r t a l  v e in  f o r  th re e  min w ith  
HBSS a t  37°C and a  flow  r a te  o f  20 m l/m in, and th e n  removed to  a  r e c i r c u -  ~ 
l a t i n g  l i v e r  p e r fu s io n  system  (4 3 ) . C e lls  w ere p rep a red  by a  m o d if ic a tio n  
o f  th e  tw o-step  p ro ced u re  d e sc r ib e d  by Seglen (4 4 ) . HBSS was r e c i r c u la te d  
f o r  10 min a t  40 ml/min and 37°C, fo llo w ed  by 0.05Z co lla g e n a se  i n  HBSS 
w ith  4 nM CaCl2 f o r  15 min. The l i v e r  was m inced, and th e  su sp en sio n  
d i lu te d  w ith  20 volumes o f  KH. The c e l l  clumps w ere m ech an ica lly  d is ­
s o c ia te d  on a  r o ta ry  e v a p o ra to r  w ith  oxygen a tio n  f o r  15 m in. The su spension  
was th en  f i l t e r e d  su c c e s s iv e ly  th rough  75 p , 52 p , and 30 p sc re e n s  
(T etko : E lm sford, NY) to  s e l e c t  f o r  s in g le  c e l l s .  H epatocy tes w ere 
p u r i f i e d  by th re e  cy c les  o f  se d im e n ta tio n  and re su sp e n s io n  i n  KH 
(50 x  g f o r  3 min o r  1 x  g f o r  15 m in ). C e lls  p rep a red  i n  t h i s  manner 
w ere ro u tin e ly  99% parenchym al, 90% s in g le s ,  and 85-97% i n t a c t  by
O
try p a n  b lu e  e x c lu s io n . Y ie ld s  averaged  1-2  x  10 c e l l s  p e r  5 -7  gm 
l i v e r .
D. H epatocyte M onolayer C u ltu re
D is so c ia te d  h e p a to c y te s  w ere p rep a red  as d e sc r ib e d  above, ex cep t 
t h a t  s t e r i l e  p re c a u tio n s  w ere observed  and 0.006% b e n z y lp e n ic L llin  was 
in c lu d e d  i n  th e  i s o l a t i o n  m edia. C e lls  w ere suspended in  DMEM, and 
1 ml a l iq u o ts  (1 -1 .3  x  10^ c e l ls /m l)  w ere p la te d  on to  t i s s u e  c u l tu re  
d ish e s  coated  w ith  d en a tu red  c o l la g e n  (4 5 ) ,  40 pg /m l, 0 .2  m l/d is h .
C u ltu re s  were m a in ta in ed  a t  37°C i n  a  h u m id if ie d  5% C02/95% a i r  in c u b a to r .  
The medium was re p la c e d  fo u r  h r  a f t e r  p la t in g  and every  24 h r  t h e r e a f t e r .
The p e rc e n t o f  c e l l s  p la te d  th a t  a t ta c h e d  to  th e  t i s s u e  c u l tu r e  
d ish  a f t e r  fo u r  h r  was e q u a l to  th e  p e rc e n t t h a t  was v ia b le  im m ediately  
a f t e r  i s o la t io n  as  in d ic a te d  by try p a n  b lu e .
E. D eterm ination  o f  C e ll V ia b i l i ty  and Number
C e ll v i a b i l i t y  was m on ito red  in  two ways— try p a n  b lu e  e x c lu s io n  and
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l a c t a t e  dehydrogenase (LDH) r e le a s e  In to  th e  medium. C e ll number was 
m easured in  th re e  w a y s -d ire c t coun ting  w ith  a hem ocytom eter, LDH a c t iv i t y ,  
and DNA c o n te n t.
1 . Trypan b lu e : C e l ls  were d i lu te d  1 :5  (v :v )  w ith  0 .4 2 'try p a n  
b lu e  i n  0 .92  s a l in e ,  and exam ined by phase m icroscopy w ith in  fo u r  mLn.
2. LDH a c t i v i t y : C e lls  were s e p a ra te d  from th e  su sp e n sio n  medium 
by c e n t r i f u g a t io n  (50 x  g f o r  th re e  min o r  12,800 x  g f o r  10 se c )  and 
b o th  th e  medium and c e l l s  fro z e n  a t  -20°C . A f te r  thaw ing, sam ples were 
s o lu b i l i z e d  i n  0.52 T r i to n  X-100 (TX-100, f i n a l  c o n c e n tra tio n )  and 
assay ed  f o r  LDH a c t i v i t y  as d esc rib e d  by Schnaar e t  a l  (4 6 ) . C u ltu re  
medium and m onolayers ( r in s e d  fo u r  tim es w ith  co ld  KH-PVP-40) were 
f ro z e n , thaw ed, and s o lu b i l i z e d  as above f o r  LDH a s s a y s . A c tiv i ty  
p r e s e n t  i n  th e  c u l tu re  medium i n  th e  absence o f  c e l l s  was m easured as
a  b la n k  and accounted  f o r  on ly  32 o f  t o t a l  c e l l u l a r  a c t i v i t y .
The p e rcen tag e  o f  c e l l s  which w ere s ta in e d  w ith  try p an  b lu e  (5-142) 
was e q u iv a le n t to  th e  p e rce n tag e  o f  t o t a l  LDH a c t i v i t y  ( c e l l s  and medium) 
i n  th e  medium (3 -1 7 2 ). T h e re fo re , we used  th e se  two a ssa y s  i n t e r ­
changeably  a s  e q u a lly  a c c u ra te  in d ic a to r s  o f  c e l l  v i a b i l i t y .
3. DNA c o n te n t: We coup a red  LDH a c t i v i t y  and DNA co n ten t i n  bo th  
th e  i s o la te d  h ep a to cy te  p re p a ra t io n s  and in  m onolayer c u l tu r e s ,  to  be 
s u re  th a t  th e se  b a s ic  p a ram ete rs  were n o t changing w ith  tim e i n  c u l tu r e .  
C e ll su sp en sio n s  and m onolayers were reco v ered  as  d e sc rib e d  above, fro z e n  
in  one ml KH-PVP-40, and th e  DNA co n ten t in  thawed sam ples determ ined  by 
th e  method o f  Burton (4 7 ) .
3
4. H -thym idine in c o rp o ra tio n  by h ep a to cy te  m onolayers: A lthough
i t  i s  g e n e ra lly  assumed th a t  a d u l t  r a t  h ep a to cy te s  in  prim ary  c u l tu re
a re  q u ie sc e n t n o n -d iv id in g  c e l l s  (4 8 ), we examined c e l l s  i n  m onolayer
3
c u l tu r e  exposed to  H -thym idine by l i g h t  m icroscop ic  au to rad iog raphy
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(LM-ARG) and confirm ed  th a t  DNA. s y n th e s is  and c e l l  d iv i s io n  w ere r a r e  
i n  th e se  c u l tu r e s .  D ishes w ere exposed to  5 pCi (3 pM) H -thym idine 
betw een 4 .5  and 20 .5  h r .  M onolayers w ere th en  f ix e d ,  d r ie d , and p ro cessed  
f o r  LM-ARG as d e sc r ib e d  in  G .3 . The d is h e s  were exposed  f o r  7 days 
a t  4°C. The p e rc e n ta g e  o f  la b e le d  n u c le i  was de term ined  f o r  600 t o t a l  
n u c le i  p e r  d is h .
F. Morphology
C e ll su sp e n sio n s  and m onolayer c u l tu re s  w ere examined by l i g h t  and 
e le c t ro n  m icroscopy . The prim ary  f i x a t iv e  i n  each  c a se  was 2% g l u t a r a l -  
dehyde i n  0 .1  M Na cac o d y la te , pH 7 .4 , f o r  30 mLn a t  4°C. C e lls  f ix e d  
i n  su spension  were r in s e d  w ith  0 .1  M Na c a c o d y la te , pH 7 .4 , and c o l le c te d  
by c e n t r i f u g a t io n  a t  500 x  g f o r  s e v e ra l  se c . F ixed  m onolayers were 
r in s e d  i n  s i t u  w ith  th e  same b u f f e r  f o r  10 mLn on i c e .  The sam ples 
w ere th e n  p o s tf ix e d  in  1% OsO^ i n  0 .1  M Na c ac o d y la te  f o r  0 .5 -2  h r  on 
i c e ,  r in s e d  in  0 .9 Z s a l i n e ,  and s ta in e d  w ith  0.5% u ra n y l a c e ta te  i n  
a c e ta te -v e ro n a l  b u f f e r ,  pH 6 .0 ,  (49) f o r  1-2 h r  a t  room te m p era tu re . The 
c e l l  su sp en sio n s  w ere r in s e d  w ith  s a l in e  and th e n  mixed w ith  an eq u a l 
volume o f  3Z ag a ro se  a t  78°C and p e l le te d .  The p e l l e t s  w ere dehydrated  
w ith  a g raded  s e r i e s  o f  e th a n o l,  th e n  p ropy lene  o x id e , and embedded in  
Epon 812 (5 0 ) . C e l l  m onolayers w ere embedded by one o f  two p ro ced u res  
depending on w heth er o r  n o t an o r ie n te d  specim en was r e q u ire d , a) For 
ran d o m ly -o rien ted  c e l l s ,  th e  m onolayers were deh y d ra ted  th rough  propy lene 
ox ide  a t  w hich s te p  th e  s h e e ts  o f  c e l l s  l i f t e d  o f f  th e  d ish  and were 
c o l le c te d  and p e l l e t e d  ( in  p ropy lene  oxLde). b ) For o r ie n te d  specim ens, 
m onolayers w ere dehydrated  to  100% e th a n o l, and embedded d i r e c t l y  in  
Epon w ith o u t a  p rop y len e  ox ide s t e p .  Sm all sq u a re s  w ere th en  o r ie n te d  
f o r  s e c tio n in g  p a r a l l e l  o r  p e rp e n d ic u la r  to  th e  p la n e  o f  th e  d is h .
T hick s e c t io n s  (0 .5  pm) w ere c o l le c te d  on g la s s  s l id e s  and s ta in e d
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w ith  1% to lu id in e  b lu e  i n  1Z Na b o ra te .  T h in  s e c t io n s  (750-1000&) w ere
c o l le c te d  on carbon and form var coated  copper g r id s ,  s ta in e d  w ith
s a tu r a te d  u ra n y l a c e ta te  f o r  10 rain, and le a d  c i t r a t e  (51) f o r  2 .5  min.
The g r id s  w ere viewed in  a  Siemens 101 o r  Z e is s  1QA e le c t r o n  m icroscope
o p e ra tin g  a t  80 KV.
125G. I-ASOR B ind ing , U ptake, and D egradation  i n  I s o la te d  H epatocy tes and 
M onolayer C u ltu re s
125B iochem istry  ( I-ASOR b in d in g , u p take , and d eg rad a tio n ) and au to ­
rad io g rap h y  were used to  d e term ine  th e  number o f  ASGP b in d in g  s i t e s  and 
th e  f a te  o f  th e  lig a n d  i n  h e p a to c y te s  i n  v i t r o .
1 . Io d in a t io n  o f  ASOR: ASOR was p re p a re d  by enzym atic  h y d ro ly s is
o f  th e  te rm in a l s i a l i c  a c id  re s id u e s  from human orosom ucoid (OR) and 
io d in a te d  u s in g  in s o lu b i l iz e d  la c to p e ro x ld a se  (LPO) and g lu co se  ox id ase  
(GO) as d e sc r ib e d  (7) o r  ch loram lne T (5 2 ). S p e c if ic  r a d io a c t i v i t i e s
'r a n g e d  from 2-17 x  10^ cpm/pg ASOR. The ^"*I-AS0R was s to r e d  a t  -70°C
i n  0.9Z s a l i n e  co n ta in in g  b o v in e  serum album in (200 y g /m l) .
1252 . I-ASOR in c u b a tio n s  w ith  i s o la te d  h e p a to c y te s  and m onolayer
c u l tu r e s :  The a b i l i t i e s  o f  d is s o c ia te d  h e p a to c y te s  and c e l l s  i n  24 h r
125m onolayer c u l tu r e  to  b in d , i n t e r n a l i z e ,  and degrade I-ASOR were
compared. In c u b a tio n s  w ere perform ed e i t h e r  a t  37°C w here b in d in g ,
in t e r n a l i z a t i o n ,  and d e g ra d a tio n  o f  ^^I-ASOR o ccu r, o r  a t  5°C, where
b in d in g  o ccu rs  b u t n o t i n t e r n a l i z a t i o n  o f  th e  lig a n d . C e l l - a s s o c ia te d
125r a d io a c t iv i ty  was m easured i n  two ways: a) ex posu re  o f  c e l l s  to  I-ASOR
f o r  tim ed in t e r v a l s ,  fo llow ed  bv trea tm e n t w ith  7.5 mM EGTA ( f i n a l
+2 - 125
c o n c e n tra tio n )  to  c h e la te  Ca and d is s o c ia te  a c c e s s ib le  I-ASOR
125(s u r fa c e  b in d in g ) :  and b) exposure  o f  c e l l s  to  I-ASOR in  th e  p resence  
o r  absence o f  a  1 0 0 -fo ld  ex ce ss  o f u n lab e led  ASOR ( s p e c i f i c  b in d in g ) .
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The s ta n d a rd  a ssay  a t  e i t h e r  te m p e ra tu re  was perfo rm ed  w ith  5 ml
o f c e l l s  (1  x 10^ c e l ls /m l)  i n  KH-PVP-40 in  each  o f  two 25 ml f la s k s  (A
and B ). The c e l l s  w ere p re in c u b a te d  a t  th e  a p p ro p r ia te  tem p era tu re  i n
a  h u m id if ie d , oxygenated atm osphere w ith  g e n t le  o r b i t a l  sh ak in g  to
p re v e n t clum ping. U n labeled  ASOR (500 jig) was added to  f la s k  B fo r  5
125mLn. A t tim e 0, 5 ug I-ASOR w ere added to  bo th  f l a s k s .  At tim ed 
in t e r v a l s ,  two 0 .25 ml a l iq u o ts  were removed from f la s k  A and one from 
f l a s k  B. One a l iq u o t  each  from A and B was d i lu te d  to  one ml w ith  co ld
KH-PVP-40, and th e  o th e r  a l iq u o t  from  A was d i lu te d  to  one ml w ith
10 mM EGTA (7 .5  mM f i n a l  c o n c e n tra tio n )  i n  KH and in c u b a te d  f o r  an 
a d d i t io n a l  5 min on i c e .  The c e l l s  w ere th e n  sed im ented  (50 x  g , 3 min,
. 4°C ). The c e l l  p e l l e t  was washed tw ic e  by re su sp en s io n  and c e n t r i f u g a t io n  
i n  KH-PVP-40, a f t e r  w hich the  p e l l e t s  and  combined s u p e rn a ta n ts  were 
counted  i n  a  gamma co u n te r  (Beckman 4000) .
M etabolism  o f ^^I-A S 0R  was a s s e s se d  a t  5°C and 37°C a f t e r  p r e c ip i ­
t a t i o n  o f  c e l l s  and medium w ith  5% TCA ( f i n a l  c o n c e n tr a t io n ) . The 
acL d -so lu b le  r a d io a c t iv i ty  was an a ly se d  by g e l f i l t r a t i o n  under c o n d itio n s
w here p e p t id e s ,  m onoiodotyrosine (MIT), and I  could  b e  s e p a ra te d  (5 3 ) .
125Analogous I-ASOR in c u b a tio n s  w ere  perform ed on w ell-w ashed  c e l l
m onolayers (4 tim es w ith  KH-PVP-40, 4 °C ). In c u b a tio n s  a t  5°C and 37°C
w ere c a r r ie d  ou t i n  a  95% 0^/5% CO  ̂ and 95% air/5%  CO2 a tm osphere,
r e s p e c t iv e ly .  A t v a ry in g  tim es a f t e r  th e  a d d i tio n  o f  r a d io a c t iv i ty ,
in d iv id u a l  c u l tu r e  d ish e s  w ere immersed i n  ic e  to  s to p  th e  in c u b a tio n .
The m onolayers were th e n  washed w ith  c o ld  KH-PVP-40 (4 tim es fo r  5 mLn
e a c h ) , and th e  c e l l s  s c ra p e d  from th e  d ish  f o r  d e te rm in a tio n  o f  r a d io a c t iv i ty .
3. L ig h t and e le c t r o n  m icroscope au to ra d io g rap h y : C e l ls  in c u b a ted
125w ith  I-ASOR were p ro cessed  f o r  LM-ARG and EM-ARG i n  o rd e r  to  determ ine
125th e  fo llo w in g : 1) i f  a l l  c e l l s  i n  th e  p re p a ra t io n  bound I-ASOR; 2) i f
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125exposure  to  EGTA removed su rface-b o u n d  I-ASOR; and 3) i f  th e  i n  v i t r o  
endocytLc pathway resem bled th e  in  v ivo  pathw ay. D is so c ia te d  h ep a to cy te s  
and c e l l s  in  24 h r  m onolayer c u l tu re s  grown on c o lla g e n -c o a te d  g la s s  
c o v e rs l ip s  w ere in c u b a te d  a t  5°C and 37°C w ith  ^ ’’i-ASOR f o r  0, 30 min, 
o r  2 h r  w ith  th e  a p p ro p r ia te  c o n tro ls  i n  th e  manner d e sc r ib e d  i n  G .2.
A f te r  r in s in g ,  th e y  were f ix e d  in  2Z g lu ta ra ld e h y d e  i n  0 .1  H Na caco d y la te  
w ith  2 sM CaCl^, pH 7 .4  f o r  30 min on i c e .  D is so c ia te d  h e p a to c y te s  were 
f u r th e r  p ro cessed  f o r  e le c t r o n  m icroscopy a s  d e sc r ib e d  i n  F. The 
c e l l s  on c o v e rs lip s  were dehyd ra ted  th rough  a  g raded  s e r i e s  o f  e th a n o l,  
and d r ie d  in  a i r  b e fo re  c o a tin g  w ith  em ulsion .
F or LM-ARG 0 .5  pm s e c t io n s  o f  s in g le  c e l l s  o r  whole c e l l s  on 
c o v e rs lip s  w ere coated  w ith  I l f o r d  K5 em u lsion  (4 g /12  ml ddH^O) and exposed 
3-14 days a t  4°C. They w ere th en  developed w ith  D-19, f ix e d ,  and viewed 
in  a  Z e is s  pho tom icroscope. For EM-ARG, th e  f l a t  s u b s t r a te  tech n iq u e  o f 
S a lp e te r  and Bachman (54) was used w ith  750-100Q& th in  s e c tio n s  o f  
d is s o c ia te d  h e p a to c y te s .
F o r EM-ARG a n a ly s is ,  ran d o m ly -se lec ted  h e p a to c y te s  i n  th e  developed 
s e c t io n s  w ere d iv id ed  in t o  q u ad ran ts  and photographed  a t  9000x. Q u a n ti ta tio n  
was perform ed on p r in t s  a t  23 ,400x. S ix  c e l l  com partments were chosen 
f o r  a n a ly s is :  1) the  plasm a membrane which c o n s is te d  o f  two h a l f  d is ta n c e s  
(1 H.D. ** lOOoX) on e i t h e r  s id e  o f  a  band encom passing th e  m ic r o v i l la r  
p r o je c t io n s ;  2) th e  cy toplasm ; 3) lysosom es, a  he tero g en eo u s p o p u la tio n  
by s iz e  and c o n te n t which w ere u s u a lly  reco g n ized  a s  mpjiforane-bounded 
v e s ic le s  o f te n  co n ta in in g  au tophag ic  s t r u c tu r e s  n e a r  th e  G olgi complex;
4) th e  G olgi complex which c o n s is te d  o f  th e  re g io n  c o n ta in in g  G olgi 
e lem en ts a s  w e ll  a s  cy top lasm  2 H.D. beyond th e  G olg i s a c c u le s ;  5) th e  
n u c le u s ; and 6) m ito ch o n d ria . A m ito c h o n d ria l compartment was in c lu d ed  
in  o u r a n a ly s is ,  because t h e i r  la rg e  number c o n tr ib u te d  s u f f i c i e n t  a rea
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to  th e  cy to p lasm ic  compartment such th a t  th e  a re a  c o n tr ib u tio n  o f  smal^L 
cy to p lasm ic  v e s ic le s  i n  t h i s  l a t t e r  compartment was d i lu te d .  A pproxim ately
100 g ra in s  w ere counted f o r  each tim e p o in t  and c o n d itio n . The a re a  was
2 2 computed u s in g  a  t e s t  g r id  (10 x 10 cm o r  3 .74  i n t e r s e c t i o n  p o in ts /p m  ) .
P e rcen t g r a in s ,  p e rc e n t a re a ,  and p e rc e n t  g r a in s /p e rc e n t  a re a  w ere
c a lc u la te d .
H. A n a ly s is  o f  th e  E f f e c t  o f  C o llagenase  on ASGP B ind ing  A c tiv ity
Exposure o f  th e  h e p a to c y te  c e l l  s u r fa c e  to  th e  m ix tu re  o f  p ro te a s e s
t h a t  c o n s t i tu te s  crude c o lla g e n a se  cou ld  a f f e c t  th e  ap p a re n t number o f
125re c e p to rs  d e te c te d  by th e  I-ASOR b in d in g  a s s a y s . T h e re fo re , we f i r s t  
c h a ra c te r iz e d  th e  c o lla g e n a se  u sed , th e n  determ ined  i t s  e f f e c t  on th e  
lig a n d , and f i n a l l y  t e s t e d  i t s  e f f e c t  on th e  nunber o f  ASGP re c e p to rs  
p e r  c e l l .
1 ; N o n -sp e c if ic  p ro te a s e s :  To a s s e s s  th e  l e v e l  o f  p r o te o ly t i c
a c t i v i t y ,  we compared th e  d ig e s t io n  by 0.01-0.05%, c o llag en a se  o f  1% a g a r  
g e ls  c o n ta in in g  a  bov ine  c a s e in  s u b s t r a te  to  a  t r y p s in  c o n tro l  (2 .5 -1 0 . pg / 
m l), a s  d i r e c te d  i n  th e  Bio-Rad P ro te a se  D e te c tio n  K it (5 5 ) . P ro te a s e s  
w ere d e te c te d  w ith  50 mg c o lla g e n a se  c o n ta in in g  th e  e q u iv a le n t  o f  1 mg 
o f  t r y p s in - l ik e  a c t i v i t y  (d a ta  n o t show n). A v a r ie ty  o f  p ro te a se  
I n h ib i to r s — soybean t r y p s in  i n h i b i to r ,  ovomucoid, p h en y l m ethyl s u lfo n y l  
f lu o r id e —w ere unab l e  to  i n h i b i t  th e  p r o te o ly s i s .
2 . N euram inidase (NANAdase); We sc reen ed  s e v e r a l  l o t s  o f  c o lla g e n a se  
f o r  NANAdase a c t i v i t y ,  s in c e  enzym atic  h y d ro ly s is  o f  te rm in a l s i a l i c  a c id s  
from th e  ASGP re c e p to r  i n h i b i t s  lig a n d  b in d in g  ( 4 ) .  C ollagenase  (0 .4  mg/ml) 
was in c u b a te d  w ith  b o v in e  su b m ax illa ry  mucin (4 mg/ml) i n  0 .1  M a c e ta t e ,  
pH 5 .0 , 37°C f o r  30 min w ith  sh ak in g . The r e a c t io n  was s topped  w ith  an 
eq u a l volume o f  5% p h o sp h o tu n g s tic  a c id ,  and th e  s u p e rn a ta n t was an a ly sed  
f o r  f r e e  s i a l i c  a c id  (5 6 ) .  N euram inidase a c t i v i t y  was n o t d e te c ta b le
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i n  o u r l o t s  o f  c o lla g e n a se .
1253. E f fe c t  o f  c o llag en a se  on I-ASOR: I f  con tam ina ting  h y d ro la se s
i n  th e  c o lla g e n a se  p re p a ra t io n  adsorbed to  c e l l s  d u rin g  th e  l i v e r  d is s o c ia -
125tion*  then  th e s e  enzymes co u ld  p o te n t ia l ly  degrade the  I-ASOR used in
125b in d in g  S tu d ie s .  T h ere fo re , we in c u b a ted  I-ASOR (25 pg) w ith  25 to
450 pg c o lla g e n a se  I n  0 .4  ml 0 .1  M T ris-H C l, pH 7 .4 , 4 nM CaCl^, f o r  15
min a t  37°C w ith  sh ak in g . The re a c tio n  m ix tu re  was d i lu te d  to  1 ml
and p r e c i p i t a t e d  w ith  0.015Z Na deoxycholate and 6% TCA, 4°C. The
p e l l e t s  and su p e rn a ta n ts  w ere s o lu b i l iz e d ,  reduced, a lk y la te d ,  and
e le c tro p h o re s e d  on a  8% po lyacry lam ide  s la b  g e l ,  acco rd in g  to  M aizel
(5 7 ) . The g e l was d r ie d  and au to rad io g rap h ed  a t  -70°C w ith  a  Cronex
L ig h ten in g  P lu s  in te n s i f y in g  s c re e n . No d e te c ta b le  io d in a te d  p o ly p e p tid e
fragm en ts, no d ecrease  i n  T C A -p re d p ita b le  r a d io a c t iv i ty ,  and no change
125i n  th e  i n t e n s i t y  o f  th e  I-ASOR bands by ARG were seen  (d a ta  n o t shown).
4 . ASGP b in d in g  a c t i v i t y  b e fo re  and a f t e r  c o llag en a se  d i s s o d a t i o n :
To examine th e  p o s s i b i l i t y  t h a t  th e  p o p u la tio n  o f  fu n c t io n a l  ASGP re c e p to rs
a t  th e  s u r fa c e  was reduced  d u rin g  p re p a ra t io n  o f  d i s s o d a t e d  l i v e r  c e l l s ,
we compared th e  nunber o f  c e l l  s u rfa c e  re c e p to rs  in  th e  i s o l a t e d  p e rfu se d
l i v e r  to  th e  nunber on th e  same h ep a to cy te s  fo llow ing  enzym atic  d is s o c ia t io n .
I s o la t e d  l i v e r s  were f i r s t  p e rfu se d  in  th e  r e d r c u l a t i n g  sy stem  w ith
KH-PVP-40 f o r  30 min a t  37°C, and then  w ith  f re s h  medium a t  6°C f o r  15 min.
^ I-A S O R  was added (0 .5  m l, 50-103 .5  pg, 5 .1  x 10^-5 .2  x  10** cpm /pg),
and sam ples (0 .5  ml) o f  p e r fu s a te  were withdrawn p e r io d i c a l ly  f o r
125d e te rm in a tio n  o f  re m a id n g  r a d io a c t iv i ty .  A f te r  one h r ,  I-ASOR
b in d in g  was s a tu ra te d ,  and EGTA ( f in a l  c o n c e n tra tio n , 5 nM) was added
125to  th e  p e r fu s a te  to  d i s s o d a t e  a c c e s s ib le  I-ASOR from c e l l  s u r f a c e s .
The amount o f  EG TA -dissociable r a d io a c t iv i ty  was used to  c a lc u la te  th e
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number o f  s u r fa c e  ASGP r e c e p to r s .  The p e r fu s a te  was th e n  re p la c e d  w ith  
HBSS a t  37°C, and s in g le  c e l l s  w ere p re p a re d  as d e sc r ib e d  i n  s e c t io n  A. 
I s o la te d  c e l l s  w ere su b seq u en tly  re -ex p o sed  to  ^ I-A S O R  a t  5°C (same 
c o n c e n tra tio n  as ab o v e ), and th e  s p e c i f i c  and su rface -b o u n d  lig a n d  were 
m easured a s  d e sc rib e d  in  s e c t io n  G .2.
I n  o rd e r  to  s e p a ra te  th e  e f f e c t s  o f  enzyme exposure  from  m echanical 
d is s o c ia t io n  on subsequen t ASGP b in d in g , th e  fo llo w in g  experim en t was 
perfo rm ed . The number o f  s u r fa c e  ASGP re c e p to rs  was f i r s t  determ ined  as  
d e sc r ib e d  i n  s e c t io n  H.4 on a  l i v e r  p e rfu s e d  a t  5°C . The same l i v e r  was 
th en  r in s e d  f r e e  o f  r a d io a c t iv i ty  w ith  5 nM EGTA, warmed to  37°C, and 
exposed  to  0.05% c o lla g e n a se  in  KH-PVP-40 f o r  15 min. A f te r  removal o f  
th e  enzyme s o lu t io n  th e  l i v e r  was r in s e d  w ith  500 ml KH-PVP-40 and 
coo led  to  5°C f o r  d e te rm in a tio n  o f  ASGP s u r fa c e  r e c e p to r  number. To 
see  w hether th e  en zy m e-re la ted  change i n  s u r fa c e  b in d in g  a c t i v i t y  was 
r e v e r s ib le ,  th e  l i v e r  was warmed to  37°C f o r  1 h r .  I t  was th e n  cooled  
to  5°C f o r  a  f i n a l  measurement o f  ASGP s u r fa c e  r e c e p to r s .  T h e re fo re , 
w ith  a  s in g le  l i v e r ,  s u r fa c e  r e c e p to r  nunber was de term ined  under th re e  
c o n d itio n s : a) p re -c o l la g e n a s e ;  b) p o s t-c o l la g e n a s e ;  and c) a f t e r  a 1 h r  
reco v ery  p e r io d .
5 . E f f e c t  o f  c o lla g e n a se  on d is s o c ia te d  h e p a to c y te s : The s e n s i t i v i t y
o f  s in g le  h e p a to c y te s  to  a  second exposure o f  c o lla g e n a se  was determ ined 
by com paring th e  amount o f  ^ I-A S O R  bound a t  5°C by i s o l a t e d  c e l l s  th a t  
had  been In c u b a te d  in  su sp en sio n  w ith  0.05% c o lla g e n a se  to  t h a t  bound by 
c o n tro l  c e l l s  ( i . e . ,  c e l l s  exposed to  c o lla g e n a se  on ly  d u rin g  l i v e r  
d i s s o c ia t io n ) .  C e lls  (3 x  10^/m l) w ere in c u b a te d  i n  KH-PVP-40 w ith  o r  
w ith o u t 0 .5  mg/ml c o lla g e n a se  a t  37°C f o r  15 mLn in  oxygenated  f la s k s .
The c e l l s  w ere q u ic k ly  cooled  to  4°C, sed im ented  by c e n t r i f u g a t io n
(50 x g f o r  3 m in ), resuspended  i n  co ld  KH-PVP-40, and r in s e d  tw ice more.
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125 oC e l ls  w ere th en  exposed to  I-ASOR a t  5 C, and th e  amounts o f  s p e c i f i c  
and su rface-b o u n d  lig a n d  w ere q u a n t i ta te d  as d e sc r ib e d  i n  s e c t io n  G .2.
The e f f e c t  o f  in c u b a tio n  a t  37°C fo r  1 h r  on th e  nunber o f  c e l l  
s u r fa c e  ASGP re c e p to rs  was s tu d ie d  i n  i s o la te d  h ep a to cy te s  i n  the 
p re sen ce  o r  absence o f  1 mM cyclohextm ide to  i n h i b i t  p r o te in  s y n th e s is .  
The in c u b a tio n s  w ere perform ed under th e  c o n d itio n s  d e sc rib e d  i n  
s e c t io n  G .2.
I -  ASOR-Horseradish P e ro x id ase  (ASOR-HRP) C ytochem istry
I n  a  s e r i e s  o f  experim en ts  designed  to  v is u a l iz e  th e  ASOR b in d in g
s i t e s  on -the s u r fa c e  o f  i s o la t e d  h ep a to cy te s  a t  th e  u l t r a s t r u c t u r a l  l e v e l ,
we in c u b a te d  c e l l s  w ith  a  cy to  chem ical t r a c e r ,  HRP co n ju g a ted  to  ASOR.
ASOR-HRP was p re p a re d  and c h a ra c te r iz e d  as d e sc r ib e d  by Wall e t  a l  ( 9 ) .
C e l ls  were in c ib a te d  w ith  ASOR-HRP a t  5°C o r  37°C as d e sc r ib e d  f o r  
125I-ASOR in  s e c t io n  G .2 . C e ll p e l l e t s  were washed tw ice  and f ix e d  w ith  
2Z g lu ta ra ld e h y d e /2  mM C aC ^ in  0 .1  M Na c a c o d y la te  as d e sc rib e d  above. 
The f ix e d  c e l l s  were r in s e d  f i r s t  i n  0 .1  M Na cac o d y la te  and th en  in
0 .1  M p h osphate , pH 7 .4  by re su sp en s io n  and se d im e n ta tio n . The p e l l e t s  
w ere resuspended  i n  0 .1  mg/ml DAB, 0.02 M a m in o tr ia z o le  ( to  i n h i b i t  
c a t a l a s e ) ,  and 0.03Z H^O^ i n  0 .1  M phosphate , pH 6 .0  (3 6 ) ,  and in c u b a te d  
two h r  a t  25°C. The c e l l s  w ere r in s e d  tw ice  i n  0 .1  M p h o sp h a te , pH 7 .4 , 
once i n  0 .1  M Na c a c o d y la te , and th e n  p o s tf ix e d  i n  1Z 0 s0 ^ /0 .1  M Na 
c a c o d y la te , pH 7 .4 , f o r  1 h r  a t  4°C. The c e l l s  w ere r in s e d  i n  s a l in e  
and  p ro cessed  f o r  e le c t r o n  m icroscopy as d e sc r ib e d  i n  s e c t io n  F.
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RESULTS
A. M orphological A ppearance o f  D is so c ia te d  H epatocy tes and M onolayer 
C u ltu re s
H epatocy te  su sp e n sio n s  examined im m ediately  a f t e r  i s o l a t i o n  were 
composed p redom inan tly  o f  s in g le  c e l l s  w ith  10Z d o u b le t and t r i p l e t  
g roups (F ig . l a ) .  As can be seen  in  F ig . 2, th e  shape and su rfa c e  
u l t r a s t r u c t u r e  o f  in d iv id u a l  c e l l s  were d r a s t i c a l l y  a l t e r e d  from  th o se  
o f  c e l l s  i n  s i t u . T hat i s ,  c e l l s  were s p h e r ic a l ,  - u n ifo rm ly  covered w ith  
m i c r o v i l l i ,  and la c k in g  i n  ju n c t io n a l  com plexes. O cc a s io n a lly  an  e n t i r e  
t i g h t  ju n c t io n  p lu s  a  p o r t io n  o f  th e  cy top lasm  from a  n e ig h b o rin g  c e l l  
rem ained . G olg i com plexes and lysosom es were c o n c e n tra te d  n e a r  th e  
n u c le u s  i n  i s o la te d  c e l l s  i n  c o n t r a s t  to  t h e i r  b i l i a r y  lo c a t io n  i n  s i t u . 
Given th e  tim e and te m p era tu re  o f  th e  d is s o c ia t io n  p ro ced u re  (2 h r ,  25 
and 37°C), th e  lo s s  o f  d i s t i n c t i v e  c e l l  s u r fa c e  morphology and c e l l  shape 
cou ld  have been w e ll underway by th e  tim e o f  f ix a t io n  f o r  e le c tro n  m icro­
scopy.
T h i r ty  min a f t e r  p la t in g  on a  c o lla g e n -c o a te d  s u b s t r a t e ,  th e  c e l l s  
w ere a t ta c h e d ,  s p h e r ic a l ,  and d i s t i n c t  from  t h e i r  n e ig h b o rs . A t fo u r  h r ,  
th e  c e l l s  had begun to  f l a t t e n  and to  r e a s s o c ia te  w ith  n e ig h b o rin g  c e l l s .  
By 24 h r ,  th ey  had f l a t t e n e d  f u r th e r  to  form  a  con tinuous monolayer 
(F ig s . l b  and 3 b ). C e ll s u r fa c e  s p e c ia l iz a t io n s  were d e te c te d  between 
24 and 48 h r  (F ig s . 3a and 3 c ): t h a t  i s ,  desmosomes, t i g h t  ju n c t io n s  and 
i n t e r c e l l u l a r  pockets  re sem b lin g  b i l e  c a n a l ic u l i  cou ld  be seen . T h is  
tim e cou rse  o f  re -e s ta b lis h m e n t o f  c e l l  s u r fa c e  p o l a r i t y  ag ree s  w ith  
th e  f in d in g  o f  o th e rs  ( 8, 5 9 -61 ).
C e ll  V ia b i l i ty  and S u rv iv a l in  Suspension and M onolayer C u ltu re
Trypan b lu e  e x c lu s io n , LDH a c t i v i t y ,  and DNA c o n te n t were compared 
in  i s o la te d  c e l l s  and c e l l s  a f t e r  24 h r  in  monolayer c u l tu r e  in  o rd e r  to
Ho
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F ig u re  1 . M orphological appearance o f d is s o c ia te d  hepatocy tes  and 
m onolayer c u l tu r e s .
a . F re sh ly  i s o la te d  hepa to cy tes  were incubated  in  sus­
p en sio n  fo r  one h r  a t  37°C, then  f ix e d  and embedded in  Epon. 
N = n u c le u s . L i = l i p i d  d ro p le t (x700). Bar = 10 yin.
b . H epatocytes w ere m ain tained  in  monolayer c u l tu re  fo r  
18 h r  and then  viewed by phase m icroscopy d ir e c t ly  on the 
t i s s u e  c u ltu re  d is h .  The c e l l s  have f la t te n e d  and e s tab ­
l i s h e d  a  s h e e t- l ik e  a r c h i te c tu r e .  The bo rd ers  between 
a d ja c e n t c e l l s  a r e  h ig h ly  r e f r a c t i l e  (1 c e l l  i s  o u tl in e d ) .
N = n u c leu s  (x460). Bar « 10 ym.
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E le c tro n  m icroscop ic  appearance o f  a ty p ic a l  i s o la te d  
b ln u c le a te d  h e p a to c y te .
T h is  c e l l  p re p a ra t io n  was m a in ta ined  in  suspension a t  
25° C f o r  2 .5  h r  b e fo re  f ix a t io n .  The c e l l  r e ta in s  the 
i n t r a c e l l u l a r  o rg a n e lle s  seen i n  v iv o , b u t has lo s t  the  
c e l l  su rfa c e  s p e c ia l iz a t io n s  d i s t i n c t i v e  o f  s in u so id a l, 
b i l e  c a n a l ic u la r ,  and l a t e r a l  s u r fa c e s .  D ebris genera ted  
du rin g  i s o l a t i o n  i s  a s so c ia te d  w ith  a p o r tio n  o f  th e  c e l l  
su rfa c e  (arrow heads) and i s  s c a t te r e d  through most p rep ara ­
t io n s .  GL ** G olgi-lysosom e a re a s .  (x3915) Bar «* 5 pm.
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• F ig u re  3. U l t r a s t r u c tu r a l  appearance o f  h ep a to cy te s  a f t e r  24 h r  in
n an o lay er c u l tu r e .
a . E le c tro n  m icrograph p rep a red  from a  s e c tio n  cu t 
p a r a l l e l  to  th e  p lane  o f  th e  t i s s u e  c u l tu r e  d ish . The 
two c e l l s  shown a re  a s s o c ia te d  in  a  manner s im ila r  to  th a t  
observed in  v iv o . T hat i s ,  a  b i l e  c a n a l ic u la r - l ik e  reg ion  
(BC) i s  formed between l a t e r a l  s u rfa c e s  (arrow heads)
w ith  ju n c t io n a l  complexes ( re c ta n g le s )  composed o f  t i g h t  
ju n c tio n s  and a  v a r ia b le  number o f  adhering , ju n c tio n s  and 
desmosomes. The b i l e  c a n a l ic u la r - l ik e  reg io n  i s  somewhat 
d i l a te d  and has fewer m ic r o v i l l i  than  in  v iv o . The c e l l s  
a re  packed w ith  glycogen (Gly) and l i p i d  d ro p le ts  ( L i ) .
N = n u c leu s . Cp = coated p i t .  (x5750). Bar = 2 pm.
b. E le c tro n  m icrograph p rep a red  from a  s e c tio n  cu t p e r­
p e n d ic u la r  to  the  p lan e  o f  th e  t i s s u e  c u l tu r e  d ish . The 
extrem e f la t t e n in g  o f  th e se  c e l l s  i s  i l l u s t r a t e d  h e re .
D «* su rfa c e  i n  c o n tac t w ith  th e  d ish . M = su rfa c e  in  
j co n ta c t w ith  th e  medium (n o te  the  absence o f  m ic r o v i l l i ) .
RER -  rough endoplasm ic re tic u lu m . Gly = glycogen.
Cp = coated  p i t .  (x8250). Bar = 2 pm. c . T ypical 
appearance o f  ju n c tio n a l  complexes a f t e r  24 h r  in  c u ltu re , 
t j  = t i g h t  ju n c tio n , des = desmosome. BC « b i l e  cana­
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e s ta b l i s h  a  r e l i a b l e ,  s e n s i t i v e ,  and ra p id  method f o r  m easuring  c e l l  
number in  m onolayers and to  determ ine c e l l  s u rv iv a l a f t e r  i s o l a t i o n  and 
in  c u l tu r e .  F i r s t ,  th e  p e rc e n ta g e  o f c e l l - a s s o c ia te d  LDH a c t i v i t y  in  
i s o la te d  c e l l s  was eq u a l to  th e  p e rce n tag e  o f  c e l l s  t h a t  exc luded  try p an  
b lu e  (89%), in d ic a t in g  th a t  LDH could  be used  to  a s s e s s  c e l l  v i a b i l i t y  
(T able 1 ) . I n  a d d i t io n ,  u s in g  e i t h e r  a s s a y , we e s ta b l is h e d  th a t  i s o la te d  
c e l l s  cou ld  be  m a in ta in ed  in  su sp en sio n  f o r  up to  5 h r  w ith  no more than  
a  10-15% d e c re a se  in  v i a b i l i t y .  C e lls  i n  c u l tu r e  e x h ib ite d  s im i la r  le v e ls  
o f  v i a b i l i t y  ( 88% v ia b le ,  T ab le  I ) .  The DNA. co n ten t o f  c e l l s  a f t e r  24 h r  
was 85-95% t h a t  o f  th e  f r e s h ly  i s o la te d  c e l l  su spension  from w hich they  
w ere d e r iv e d  ( d a ta  n o t shown). S ince DNA sy n th e s is  a s  m easured by
3
H -thym idine in c o rp o ra t io n  was in s ig n i f i c a n t  du ring  th e  f i r s t  24 h r  o f
c u l tu r e  ( .o n l y  1% o f  th e  n u c le i  w ere la h e le d  a s  d e te c te d  by LM-ARG), we
have concluded  t h a t  85-95% o f  th e  c e l l s  t h a t  were i n i t i a l l y  p la te d  had
su rv iv e d . F in a l ly ,  th e  r a t i o  o f  LDH a c t i v i t y  to  DNA c o n te n t was very
s im i la r  in  f r e s h ly  i s o la te d  and c u ltu re d  c e l l s  (Table I ,  235 v s .  252 U
LDH/pg DNA), e s ta b l i s h in g  th a t  th e  c e l l—a s s o c ia te d  LDH a c t i v i t y  could  be
used  r e l i a b ly  to  determ ine  c e l l  number i n  m onolayers.
125C* I-ASOR B inding i n  D is so c ia te d  H epatocy tes
Having e s ta b l i s h e d  c o n d itio n s  f o r  th e  su c c e s s fu l i s o l a t i o n  and 
c u l tu r e  o f  d is s o c ia te d  h e p a to c y te s , we used  b iochem ical and m orpho log ica l 
methods to  d e term ine  w hether ASGP b in d in g  a c t i v i t y  was ex p re ssed  by 
s in g le  c e l l s .
1251 . The I —ASOR b in d in g  assay  f o r  f r e s h ly  d is s o c ia te d  h ep a to cy te s
o 225
a t  5 C; I-ASOR b in d in g  a c t i v i t y  p r e s e n t  on th e  c e l l  s u r fa c e  o f  
f r e s h ly  i s o l a t e d  h e p a to c y te s  and on c e l l s  c u ltu re d  f o r  24 h r  was d e te r ­
mined between 4° and 10°C, te m p era tu re s  re p o r te d  to  i n h i b i t  i n t e r n a l i z a t i o n
o f  th e  l ig a n d  (62 , 63 ). To m easure th e  s u r fa c e  p o p u la tio n  o f  ASGP re c e p to rs ,
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TABLE I
B iochem ical and M orphological P aram eters  o f  V ia b i l i t y  
i n  I s o la t e d  and C u ltu re d  C e lls*
I s o la t e d  h e p a to c y te s  24 h o u r m onolayer c u l tu r e s
mU LD H /cell 4 .5  ± 0 .16# ( 6) § -----------
pg DNA/cell 1 8 .8  ± 1.10 ( 8) ------------
U LDH/pg DNA 235 ± 1 5 .1 ( 6) 252 ± 29 (4)
% try p a n  b lu e  e x c lu s io n 89 ± 0 .86 (7) N.D.
Z LDH i n  c e l l s 89 ± 1 .46 ( 6) 88 ± 0 .94 (4)
mean ± s ta n d a rd  d e v ia tio n
§
(number o f  experim en ts)
fc
Trypan b lu e  e x c lu s io n  was m easured f o r  each c e l l  p r e p a ra t io n  d i r e c t ly  
a f t e r  i s o l a t i o n .  LDH a c t i v i t y  and DNA c o n te n t were m easured i n  
d is s o c ia te d  c e l l s  and c e l l s  i n  m onolayer c u l tu r e  as d e sc r ib e d  i n  
s e c t io n  E, M a te r ia ls  and M ethods. C e ll nunber was de term ined  by 
hem ocytom eter co u n tin g . 1 U o f  LDH a c t i v i t y  = {(AODsi^/min) x 
( d i lu t io n ) J /0 .0 0 1 5 .
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c e l l s  were f i r s t  exposed to  I-ASOR a t  4-10 C and th e  amount o f  lig a n d
a c c e s s ib le  to  ( i . e . ,  r e le a s e d  by) subsequen t a d d i t io n  o f  EGTA was used
to  c a lc u la te  th e  number o f  su rface -b o u n d  ASOR m o lecu le s . To confirm
th a t  th e  EG TA -accessible r a d io a c t i v i ty  a t  4°C was lo c a te d  a t  th e  c e l l
125s u r fa c e ,  we v is u a l iz e d  th e  1-ASOR a s s o c ia te d  w ith  c e l l s  b e fo re  and
a f t e r  EGTA tre a tm e n t by LM-ARG. F ig s . 4a and 4b i l l u s t r a t e  th e  r e s u l t s
125o b ta in e d . ARG g ra in s  re p re s e n t in g  th e  t o t a l  c e l l - a s s o c ia t e d  I-ASOR
a t  4°C were p redom inan tly  lo c a te d  a t  th e  c e l l  s u r f a c e  (F ig . 4 a ) .  A f te r
X!Z5 oEGTA tre a tm e n t o f  c e l l s  p re v io u s ly  exposed to  I-ASOR a t  5 C, v i r t u a l l y
no ARG g ra in s  w ere observed  (F ig . 4 b ).
S p e c if ic  b in d in g  was de term ined  a s  fo llo w s: c e l l s  a t  5°C were 
125exposed to  I-ASOR in  th e  p re sen ce  o f  a  1 0 0 -fo ld  ex ce ss  o f  u n labe led
ASOR, and th e  amount o f r a d io a c t i v i ty  a s s o c ia te d  w ith  th e se  c e l l s  was
125s u b tra c te d  from  th a t  a s s o c ia te d  w ith  c e l l s  exposed to  on ly  I-ASOR,
th e  d if f e re n c e  re p re s e n t in g  s p e c i f i c  b in d in g . LM-ARG o f  c e l l s  exposed
to  an excess o f  tm labeled  ASOR were devo id  o f  ARG g ra in s  (F ig . 4 c ) .
N o n sp ec ific  b in d in g  u su a lly  averaged  5-23% o f  th e  t o t a l  r a d io a c t iv i ty
bound and ten d ed  to  in c re a s e  w ith  th e  age o f  th e  io d in a te d  p robe .
EG TA -inaccessib le b in d in g  a t  5°C was g e n e ra l ly  e q u a l to  n o n sp e c if ic
125b in d in g . From th e se  c o n tro ls  we conclude th a t  th e  I-ASOR b ind ing
m easured a t  4-10°C a c c u ra te ly  r e p o r ts  th e  number o f  s p e c i f i c  ASGP
re c e p to rs  on th e  c e l l  s u r f a c e ,  assum ing th a t  one m o lecu le  o f  ASOR bound
i s  e q u iv a le n t to  one ASGP re c e p to r .
125The c o n c e n tra tio n  o f  I-ASOR n e c e ssa ry  to  s a tu r a t e  th e  c e l l  su rfa c e  
was n e x t in v e s t ig a te d  w ith  i s o la te d  h e p a to c y te s  a t  5°C and ^2^I-AS0R 
c o n c e n tra tio n s  from 0 to  1 .5  yg/m l. The r e s u l t s  a r e  p re se n te d  in  F ig . 5. 
The d a ta  were c o l le c te d  from  fo u r  s e p a ra te  c e l l  p re p a ra t io n s  w ith
Q Q
v i a b i l i t i e s  g r e a te r  than 86% and y ie ld s  betw een 1 .5  x 10 and 2 .3  x 10 /
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125LM-ARG o f  d is s o c ia te d  h ep a to cy te s  in c u b a ted  w ith  I-ASOR 
a t  A°C.
1 2 5  6C e lls  w ere in cu b a ted  w ith  0 .18  gg/ml I-ASOR (8.2x10 cpm/
pg) f o r  2 h r  a t  A°C in  th e  p resen ce  o r  absence o f  50 pg/ml
u n la b e led  ASOR. 1A day exposure , x675. B ar = 20 pm.
125a . In c u b a tio n  w ith  I-ASOR a lo n e . The ARG g ra in s  a re
lo c a l iz e d  predom inantly  a t  th e  c e l l  s u r fa c e  (arrow heads).
125b. In c u b a tio n  w ith  I-ASOR a lo n e , th e n  trea tm e n t w ith
7 .5  nM EGTA. C e lls  a re  f r e e  o f  ARG g ra in s ,  c . In cu b a tio n  
125w ith  I-ASOR in  th e  p re sen ce  o f  excess ASOR. ARG g ra in s  
a re  v i r t u a l l y  a b sen t. Arrowhead = ARG g ra in .
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1255 -7  gm l i v e r .  N o n sp ec ific  b in d in g  o f  I-ASOR ranged betw een .4% and 
23%. A ll d a ta  p o in ts  re p re s e n t  th e  b ind ing  m easured a t  fo u r  h r  s in c e  
irenc-timim b in d in g  was observed  by t h i s  tim e a t  a l l  c o n c e n tra tio n s  t e s t e d .  
B inding  became s a tu r a te d  a t  > 0 .5  yg/m l ASOR b u t th e  amounts bound a t  
s a tu r a t io n  v a r ie d  between c e l l  p re p a ra t io n s .  T h is  i s  i l l u s t r a t e d  by 
th e  two cu rves drawn i n  F ig . 5 . I n  g e n e ra l, ^  65% o f o u r  i s o l a t i o n s  
have y ie ld e d  c e l l s  w ith  betw een 200,000 and 400,000 s u r fa c e  r e c e p to r s /  
c e l l  and 35% w ith  app rox im ate ly  40,000 to  200,000 su rfa c e  r e c e p to r s / c e l l .  
The v a r i a b i l i t y  was n o t c o r r e la te d  w ith  v i a b i l i t y ,  y ie ld ,  o r  le v e l  o f 
n o n s p e c if ic  b in d in g . T h e re fo re , we co n sid e re d  w hether one o r  more o f  
th e  s te p s  i n  th e  c e l l  p re p a ra t io n  C e .g ., c o lla g e n a se  ex p o su re , m echanical 
c e l l  d is s o c ia t io n ,  th e  tim e and  tem p era tu re  o f  h ep a to cy te  p u r i f i c a t i o n )  
was g e n e ra tin g  th e  v a r ia b le  l e v e l s  o f  ASGP b in d in g  a c t i v i t y .
2 . The e f f e c t  o f  co lla g e n a se  on ASGP b in d in g  a c t i v i t y :  The f i r s t  
s te p  i n  l i v e r  d is s o c ia t io n  i s  exposure o f  c e l l s  i n  s i t u  to  c o lla g e n a se . 
T h e re fo re , we asked  w hether th e  l e v e l  o f  ASGP b in d in g  a c t i v i t y  on th e  
s u r fa c e  o f  i s o la te d  h e p a to c y te s  m ight be d ecreased  by th e  enzyme p re p a ra ­
t i o n .  F i r s t  we e s ta b l is h e d  th e  le v e l  o f  con tam in a tio n  o f  co lla g e n a se  by 
h y d ro la se s : a) neuram in idase  was n o t d e te c ta b le ;  and b) 50 mg o f 
co lla g e n a se  co n ta in ed  th e  e q u iv a le n t o f  1 mg t r y p s in  as. d e te c te d  by 
c a se in  d ig e s t io n .  Secondly, we m easured th e  number o f  c e l l  s u r fa c e  
re c e p to rs  i n  th e  p e rfu se d  l i v e r  and compared i t  w ith  th e  nusfaer a f t e r  
co llag en ase  d is s o c ia t io n  to  s in g le  c e l l s .  T h ird ly , we s tu d ie d  th e  
e f f e c t  o f  c o lla g e n a se  on s u r fa c e  ASGP b in d in g  fo llo w in g  a  second 
exposure to  c o lla g e n a se . And f i n a l l y ,  we examined th e  e f f e c t  on su rfa c e  
b in d in g  o f  in c u b a tin g  c o l la g e n a s e - t r e a te d  l i v e r s  o r  i s o la te d  c e l l s  a t  
37°C f o r  1 h r  ( i . e . ,  a llo w in g  a " reco v ery "  p e r io d ) .
When ^ " ’i-ASOR b in d in g  to  p e rfu sed  l i v e r  a t  5°C was compared w ith
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F igu re  5 .
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*^I-ASOR b in d in g  to  i s o la te d  h ep a to cy te s  a t  5°C; th e
125e f f e c t  o f  in c re a s in g  c o n c e n tra tio n s  o f  I-ASOR.
D is so c ia te d  h ep a to cy te s  ( fo u r  d i f f e r e n t  c e l l  p re p a ra tio n s )
were m ain ta ined  a t  22-25°C f o r  30-60 min and then  cooled
to  5°C f o r  30 min. T o ta l and n o n s p e c if ic  b in d in g  were
125determ ined  as d esc rib e d  in  th e  Methods G .2. I-ASOR 
was d i lu te d  w ith  un labeled  ASOR and added in  the co n cen tra ­
t io n s  in d ic a te d .  For each c o n c e n tra tio n , a  1 0 0 -fo ld  excess 
o f  u n lab e led  ASOR was in c lu d ed  to  measure n o n sp e c if ic  
b in d in g . A ll  d a ta  p o in ts  were tak en  a t  fo u r  h r ,  a t  which 
tim e b in d in g  had reached a maximum. Some v a r ia t io n  in  
th e  l e v e l  o f  s a tu r a t io n  b in d in g  was observed  among th e  
c e l l  p re p a ra t io n s  as dem onstrated  by th e  two curves 
drawn. The symbols (* , A , ■  , ♦  ) re p re s e n t  d a ta  p o in ts  
( s p e c i f i c  b in d in g ) from fo u r d i f f e r e n t  c e l l  p re p a ra t io n s .
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b in d in g  to  th e  same c e l l s  a f t e r  c o lla g e n a se  d is s o c ia t io n ,  no s ig n i f i c a n t
d if fe re n c e  was seen . A ty p ic a l  experim en t i s  shown in  F ig . 6 . A p e r fu se d
1.2.5 ol i v e r  was exposed to  1 .2  nmoles I-ASOR a t  5 C and a f t e r  90 min EGTA 
was added. The amount o f  EG TA -dissoelated r a d io a c t iv i ty  was used to  
c a lc u la te  th e  number o f  su rfa c e  r e c e p to r s  w ith  th e  assum ption  th a t  1 gm
g
l i v e r  c o n ta in s  1 x  10 c e l l s  (2 1 ) . The EG TA -releasable r a d io a c t iv i ty
125was e q u iv a le n t  to  214,000 m olecu les o f  ASOR b o u n d /c e ll .  I-ASOR 
b in d in g  a t  5°C to  th e  same c e l l s  a f t e r  d is s o c ia t io n  (2 h r  l a t e r )  i s  
p re s e n te d  i n  F ig . 6b , w here i t  can be seen  th a t  280,000 m olecules o f  
ASOR w ere bound p e r  c e l l .  The av erag e  number o f  ASOR re c e p to rs  i n  
th e  i s o l a t e d ,  p e rfu se d  l i v e r  from th r e e  experim ents was 230,000 ( s .d .  
44 ,0 0 0 ), and fo llo w in g  i s o l a t i o n  was 211,000 ( s .d .  1 0 0 ,0 0 0 ), su g g e s tin g  
th a t  under o u r  i s o l a t i o n  c o n d itio n s  no s u b s ta n t i a l  re d u c t io n  in  b in d in g  
a c t i v i t y  was d e te c ta b le .  I t  sh o u ld  be  n o ted  th a t  th e  c o l la g e n a s e - t r e a te d  
c e l l s  w ere m a in ta in ed  a t  room te m p e ra tu re  (22-25°C) f o r  approx im ate ly  
1 h r  b e fo re  th e  b in d in g  assay  was perform ed .
In  c o n t r a s t  to  th e  apparen t la c k  o f  e f f e c t  o f  c o lla g e n a se  on s u r fa c e  
ASGP re c e p to rs  m easured a f t e r  m echan ical d is s o c ia t io n ,  we found th a t  
co lla g e n a se  d id  reduce th e  number o f  re c e p to rs  on i s o l a t e d  h ep a to cy te s  
exposed tw ice  to  c o lla g e n a se . C e lls  w ere in c u b a ted  f o r  15 m in .a t 37°C 
i n  th e  p re sen ce  o r  absence o f  0.05% c o lla g e n a se , washed w e ll ,  and assay ed  
a t  5°C f o r  ^^I-A SO R  b in d in g . The r e s u l t s  o f fo u r  experim en ts  (T able I I )  
showed th a t  c e l l s  exposed tw ice  to  c o llag en a se  r e ta in e d  10-50% o f th e  
b in d in g  a c t i v i t y  o f  th o se  c e l l s  exposed only  once. The average number 
o f  ASGP re c e p to rs  a f t e r  one exposure  to  co llag en ase  and in c u b a tio n  a t  
37°C was 5 0 0 ,0 0 0 /c e l l  and a f t e r  two exposures a t  37°C was 1 5 0 ,000 /c e l l .
The experim en ts  d esc rib e d  above r a is e d  two q u e s tio n s :  1) Why was th e  
c o lla g e n a s e -a s s o c ia te d  re d u c tio n  in  su rfa c e  ASGP re c e p to r s  d e te c te d  on
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F ig u re  6 . *2~*I-ASOR b in d in g  a t  5°C b e fo re  and a f t e r  co llag en a se
d is s o c ia t io n .
125A. I-ASOR b in d in g  in  th e  p e rfu se d  l i v e r .  A 9 gm 
l i v e r  (wet w eight minus 25% as volume o f th e  p e r fu s a te )  
was cooled to  6°C in  th e  r e c i r c u la t in g  system  fo r  15 
min. (B ile  was c o l le c te d  as a  measure o f  m e tab o lic  
a c t i v i t y  du ring  tem pera tu re  s h i f t s .  B ile  flow  stopped  
a t  6°C and s t a r t e d  a t  37°C.) ^ ’’i-ASOR (103.5 yg,
4
5.13(10 cpm/yg) was added, and 0 .5  ml a l iq u o ts  o f  p e rfu sa te
were sampled u n t i l  b ind ing  was maximal (90 m in). EGTA
( f in a l  c o n c e n tra tio n  5 nM) was added, and th e  p e r fu s a te
was again  sampled f o r  10 min. The d if fe re n c e  between
peak r a d io a c t iv i ty  in  th e  p e r fu s a te  and th e  le v e l  where
b in d in g  was maximal was used to  c a lc u la te  th e  number o f
re c e p to rs  p e r  c e l l .  The p e r fu s a te  was then  removed,
and the  l i v e r  was r in se d  by s in g le -p a s s  p e r fu s io n . The
l i v e r  was warmed to  37°C, th e  p e r fu s a te  was rep la ced
w ith  HBSS and d is s o c ia te d  h ep a to cy te s  were p rep ared  as
125d esc rib e d  in  Methods A .I . B. I-ASOR b in d in g  to  
d is s o c ia te d  h e p a to c y te s . T o ta l ,  n o n sp e c if ic , and 
EG TA -inaccessible b ind ing  w ere measured u s in g  0 .7  yg/ml 
^2^I-AS0R (1 . 5x 1 0  ̂ cpm/yg) and A0 yg/ml u n lab e led  ASOR. 
N onspecific  b in d in g  averaged 17% w ith  a  AO-fold excess 
o f  u n la b e led  ASOR. The s c a t t e r  in  th e  EGTA-accessible 
d a ta  p o in ts  r e f l e c t s  b r ie f  warming o f  a l iq u o ts  du ring  
th e  r in s e  p rocedu re .
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The E f fe c t  o f  a  Second Exposure to  C o llagenase  on l 25I-AS0R B inding to  I s o la te d  H epatocy tes a t  5*C*
Experim ent V ia b i l i ty  S p e c if ic  B inding S u rface  B inding N onspecific  R atio  o f S p e c if ic  B inding
Number Con. Exp. (R ecep to rs  p e r (EGTA-released _ B inding Exp» jqq
% % c e l l  x 10**) ASOR p er c e l l  x 10 5) Con. E xp.*  Con.
Con. Exp. Con. Exp. % %
1 87 76 8.86 2.92 8 .7 0 2.97 3 8 33
2 92 93 2.40 1.30 1.21 1.87 10 26 54
3 91 91 5.42 1.57 4 .58 1.18 21 48 29
4 90 88 3.24 0.321 3 .03 0.339 5 43 10
* Is o la te d  h ep a to cy te s  ( 2 -3  x 106 c e l ls /m l)  were in c u b a ted  in  su spension  in  th e  absence (c o n tro l )  o r  p re ­
sence (ex p erim en ta l)  o f  0.05% c o lla g e n a se  in  KH-PVP-40 f o r  15 min a t  37*C. The c e l l s  were coo led  to  
4*C, washed by 3 c y c le s  o f  c e n t r i f u g a t io n  and re su sp e n s io n  and th en  assayed  fo r  s p e c i f i c  EGTA-accessi- 
b le  b ind ing  over 4 h r  a t  5*C. I25I-AS0R (1 .6 -7 .2  x 10? cpm/yg) a t  1 yg/m l and 100 yg/m l u n la b e le d  ASOR were 
u sed . V ia b i l i ty  was determ ined  by try p an  b lue  ex c lu s io n  b e fo re  th e  b ind ing  a s sa y .
^ C o llag en ase  tre a tm e n t was a s s o c ia te d  w ith  an in c re a s e  in  n o n -s p e c if ic  b ind ing  as  compared to  c o n tro l  c e l l s .
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i s o l a t e d  c e l l s  t r e a te d  tw ice  w ith  th e  enzyme and n o t on d is s o c ia te d
c e l l s  t r e a te d  once? and 2) Why d id  c o n tro l  c e l l s  (one exposure  to
enzyme) su b se q u en tly  in c u b a te d  a t  37°C have r e l a t i v e ly  h ig h  le v e ls  o f
b in d in g  compared to  f r e s h ly  i s o l a t e d  c e l l s ?  A number o f  p ro c e s se s  may
be o c c u rr in g  s im u ltan e o u sly  to  g ive  th e se  r e s u l t s :  1) in a c t iv a t io n  by
enzymes in  th e  c o lla g e n a se  p r e p a ra t io n  o f  th e  r e c e p to r  a n d /o r  some o th e r
component o f  th e  plasm a membrane in v o lv e d  i n  ASGP b in d in g ; 2) lo s s  o f
s u r fa c e  r e c e p to r  by some mechanism o th e r  th an  in a c t iv a t io n  such as
in t e r n a l i z a t i o n  o f  p o r t io n s  o f  plasm a membrane; 3) reco v e ry  o f  fu n c t io n a l
r e c e p to r  a t  37°C by in s e r t i o n  o f  r e c e p to r  from  some i n t r a c e l l u l a r
compartment o r  by new s y n th e s is  and in s e r t io n .  To s e p a ra te  th e  e f f e c t s
o f  enzyme exposure  from  subsequen t e v e n ts , "^I-A SO R  b in d in g  a t  5°C
was compared i n  a  p e r fu s e d  l i v e r  b e fo re  and a f t e r  c o lla g e n a se  tre a tm e n t 
o +2a t  37 C (no Ca - f r e e  p r e - p e r f u s io n ) . A 60% d ec re ase  i n  c e l l  su rfa c e  
b in d in g  was observed  im m ediately  a f t e r  co llag en a se  exposu re  (T able I I I ) .
T h is d ec re a se  was n o t  o b served  a f t e r  c o llag en a se  tre a tm e n t a t  5°C (n o t 
show n). The l i v e r  was th en  warmed to  37°C f o r  1 h r  to  s im u la te  a 
reco v ery  p e r io d  and s u r fa c e  b in d in g  a c t i v i t y  in c re a s e d  to  110% o f  th e  
i n i t i a l  v a lu e . T h is  experim en t v e r i f i e s  th a t  c o lla g e n a se  exposure a lone  
reduces ASGP b in d in g  a c t i v i t y  and i l l u s t r a t e s  th e  a b i l i t y  o f  p e rfu se d  
l i v e r  to  re c o v e r  t h a t  b in d in g  a c t i v i t y  a t  37°C upon rem oval o f  th e  enzyme 
The p re v io u s  experim ent was re p e a te d  f o r  i s o la t e d  c e l l s  and the  same 
r e s u l t  was o b ta in e d  (T ab le  I I I ) .  T hat i s ,  c o llag en a se  reduced  c e l l  s u r fa c e
1 «r
I-ASOR b in d in g  by 49%, b u t a f t e r  1 h r  a t  37°C, c o n t ro l  c e l l s  and 
c o l la g e n a s e - t r e a te d  c e l l s  e x h ib i te d  in c re a se d  b in d in g  a c t i v i t y  (240% and 
220% r e s p e c t iv e l y ) .
A lthough the  b u f fe re d  s a l t  s o lu t io n  used f o r  th e se  experim en ts  would 
n o t be ex p ec ted  to  s u s ta in  s ig n i f i c a n t  p ro te in  s y n th e s is  (64, 6 5 ), we s tu d ie d
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TABLE I I I
rni iirgaoaae-Assoclated Reduction In  Surface ASGP Binding! and Recovery  ac 37 C*
In  the  Absence of S ig n ifica n t P ro te in  Synthesis
S pecific  ASGP 
Binding
Z of 
I n i t i a l
Condition ( l i *AS0R/cell)5 Binding |[
1'. Perfused l iv e r 170,000* 100
Perfused l iv e r ,  post-co llagenase 68,000* 40
Perfused l iv e r ,  1 h r  (37*C) post-co llagenase 190,000* 110
2. Iso la ted  c e l l s ,  IS min, 37*C (a) 110,000 100
Iso la ted  c e l l s ,  15 min, 37*C + collagenase (b) 56,000 51
(a) post-recovery , 1 h r , 37*C 270,000 240
(b) post-recovery , 1 h r , 37’C 240,000 220
3. Iso la ted  c e l l s  (a) 220,000 100
(a) post-recovery , 1 h r , 37‘ C 380,000 170
(a) post-recovery , 1 h r , 37*C + 1 ti l  cydohexlm lde 460,000 210
*  Iso la ted  hepatocytes were Incubated In suspension In th e  presence o r absence of 
O.OSZ collagenase as described  In  Table I I .
5 S pecific  binding was assessed  a t  5*C in  th e  presence and absence of a 100-fold 
excess of unlabeled ASOR as described in  se c tio n  C.2. N onspecific binding 
ranged between 10 and 19Z.
*  S pecific  binding in  th e  perfused l iv e r  was measured a t  5*C by q u a n tita tin g  the 
disappearance of 125I-ASOR from the p e rfu sa te  and the  subsequent f ra c tio n  th a t  
was released from th e  l iv e r  by 5 til EGTA. Since input was subsa tu ra tlng  (6.7 
Ug ASOR/g l iv e r ) ,  numbers should be m u ltip lied  by 2 (see F ig. 4 r e f .  10).
|| I n i t i a l  binding (100Z) was defined independently in  each of the  4 experiments 
shown above.
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th e  in c re a s e  i n  c e l l  s u r fa c e  I-ASOR b in d in g  i n  th e  p resen ce  o f  1 nM 
c y c lo h e x in id e , an i n h i b i t o r  o f  p ro te in  s y n th e s is .  The in c o rp o ra tio n  o f  
H -leu c in e  in t o  T C A -insoluble m a te r ia l  I n  KH-PVP-40 w ith  1 oM 
cyclohexim ide was 7-15Z o f  th e  in c o rp o ra tio n  seen  i n  DMEM (u n p u b lish ed  
o b s e rv a t io n s ) . We found t h a t  0 .5 -1  uM cyclohexim ide had  no e f f e c t  on 
th e  reco v ery  phenomenon. T h a t i s ,  an in c re a s e  i n  ASGP b in d in g  a t  th e  
c e l l  s u r fa c e  was s t i l l  ob serv ed  a f t e r  a  1 h r  in c u b a tio n  i n  1 nM cy c lo ­
hexim ide a t  37°C (T able I I I ) .
The s e r i e s  o f  experim en ts  d esc rib e d  above i l l u s t r a t e s  t h a t  a lth o u g h  
c o lla g e n a se  c o n ta in s  p r o t e o l y t i c  a c t i v i t y  and reduces th e  number o f  c e l l  
s u r fa c e  ASGP re c e p to rs  i n  p e r fu s e d  l i v e r  and s in g le  c e l l s ,  th e  d is s o c ia t io n
p ro cess  a llo w s a  s i g n i f i c a n t ,  b u t v a r ia b le ,  degree o f  reco v e ry .
125 o3 . I-ASOR b in d in g  to  c e l l s  in  m onolayer c u l tu r e  a t  5 C; Having
determ ined  th e  e f f e c t  o f  c o lla g e n a se  on th e  s u r fa c e  ASGP r e c e p to r  in
d is s o c ia te d  h e p a to c y te s , we n e x t compared th e  b in d in g  a c t i v i t y  a t  5°C
in  f r e s h ly  i s o la te d  c e l l s  to  th a t  i n  th e  same p re p a ra t io n  o f  c e l l s  a f t e r
12524 h r  in  c u l tu r e .  The tim e course  o f  I —ASOR b in d in g  i n  b o th  c e l l
system s a t  5°C i s  p re s e n te d  in  F ig . 7. A lthough th e  k in e t i c s  o f 
b in d in g  w ere somewhat d i f f e r e n t ,  th e  numbers o f  s u r fa c e  re c e p to rs  a t  
s a tu r a t io n  w ere s im i la r  i n  each  system —215,000 r e c e p to r s / c e l l  i n  
f r e s h ly  i s o la te d  su sp e n s io n s , and 295,000 r e c e p to r s / c e l l  a f t e r  24 h r  
in  c u l tu r e .
D. L a te r  S tep s  i n  th e  ASGP Pathway
125I t  was im portan t to  fo llo w  th e  i n t r a c e l l u l a r  f a t e  o f  I-ASOR a t  
37°C i n  b o th  f r e s h ly  i s o l a t e d  and c u l tu re d  h e p a to c y te s  i n  o rd e r  to  
e s t a b l i s h  th a t  th e  pathw ays were s im i la r  to  th e  ro u te  i n  v ivo  and 
th a t  a l l  c e l l s  i n  th e  two p o p u la tio n s  m a n ife s te d  th e  pathw ay.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 8
F ig u re  7. ^**I-ASOR b ind ing  a t  5°C to  d is s o c ia te d  c e l l s  and mono­
la y e r  c u l tu r e s .
D isso c ia te d  h ep a to cy te s  and c e l l s  from th e  same p rep a ra ­
t io n  a f t e r  24 h r  in  c u l tu r e  were p re in cu b a ted  a t  5°C 
f o r  1 h r ,  and t o t a l ,  n o n s p e c if ic  and EG TA -inaccessible 
r a d io a c t iv i t i e s  were a ssay ed  as describ ed  in  Methods 
G .2. ^ ' ’i-ASOR (9.7x10^ cpm/yg) a t  1 yg/m l and ASOR a t  
100 yg/m l were used. C e ll nunber was determ ined  by LDH 
assay s on d u p lic a te  t i s s u e  c u ltu re  p la te s  a s  described  
in  Methods E .2 .
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1 . ~^~*I-AS0R bound to  th e  c e l l  s u r fa c e  a t  4-10°C was in te r n a l i z e d
a f t e r  w anning to  37°C: F o llow ing  s a tu r a t io n  o f  c e l l  s u r fa c e  re c e p to rs
w ith  I —ASOR a t  4-10° C, th e  bound lig a n d  was ra p id ly  in t e r n a l i z e d  by
is o la te d  c e l l s  th a t  were w arned to  37°C. S im ila r  r e s u l t s  w ere o b ta in ed  
w ith  two c e l l  p re p a ra t io n s ,  one w ith  r e l a t i v e ly  low and th e  second w ith  
r e l a t i v e ly  h ig h  numbers o f  c e l l  s u r fa c e  ASGP re c e p to rs  (ELg. 8) .  In  
b o th  c a s e s ,  sev en ty  p e rc e n t o f  th e  t o t a l  r a d io a c t iv i ty  bound a t  5°C
was su b se q u en tly  in t e r n a l i z e d  by 10 nrfn a t  37°C. T h is  r e s u l t  dem onstra ted  
th a t  th e  ASGP i n t e r n a l i z a t i o n  pathway was fu n c tio n a l  i n  c e l l s  w ith  low 
(38 ,000 , n o t  q u i te  a t  s a tu r a t io n )  and h ig h  (400,000) numbers o f  s u r fa c e  
ASGP re c e p to r s .
I O C  _
2. I-ASOR b in d in g , u p ta k e , and d e g rad a tio n  a t  37 C: N ext, th e  
c a p a c i t ie s  o f  b o th  d is s o c ia te d  h e p a to c y te s  and r e a s s o d a t e d  c e l l s  in  
m onolayer c u l tu r e  to  b in d , i n t e r n a l i z e ,  and degrade *^I-A S 0R  a t  37°C 
w ere compared (F ig s . 9 and  1 0 ) . By two h r ,  s in g le  c e l l s  had in te r n a l i z e d  
40% o f th e  added la b e l  and th e  m onolayers 50%. T hese v a lu e s  re p re s e n t
1 x  10^ m o lecu le s  and 1 .2 5  x  10^ m olecu les p e r  c e l l  r e s p e c t iv e ly .
D egradation  o f  th e  endocy tosed  lig a n d  o ccu rred  by c e l l s  in  b o th  p re p a ra -
125 -t io n s  a s  ev idenced  by th e  appearance o f  I  in  th e  medium, beg in n in g
a t  ap p ro x im ate ly  30 min and in c re a s in g  l in e a r ly  w ith  tim e .
The p rece d in g  r e s u l t s  su g g es ted  th a t  th e  ASGP pathway was m a in ta in ed
in  bo th  in  v i t r o  system s, m aking them v a l id  models f o r  s tu d y in g  th e
dynamics o f  th e  ASGP pathw ay. We n ex t used  LM-ARG to  d e term ine  w hether
125a l l  o f  th e  c e l l s  in  each sy stem  were a c t iv e ly  ta k in g  up I-ASOR. 
D is so c ia te d  c e l l s  (n o t shown) and c e l l s  in  c u l tu re  (F ig . l l )  were
I O C
in c u b a ted  w ith  I-ASOR a t  37°C. V ir tu a l ly  a l l  v ia b le  c e l l s  (> 95%) 
in  b o th  c a se s  co n ta in ed  g r a in s  re p re s e n t in g  th e  l ig a n d , w hereas c o n tro l  
c e l l s  (e x c e ss  ASOR) w ere f r e e  o f  g r a in s .  Dead c e l l s  and d e b r is  d id  n o t  
accumula t e  s ig n i f i c a n t  numbers o f  g ra in s  in  e i t h e r  system . In  th e  m onolayer
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F ig u re  8. ^^I-ASOR b in d in g  to  i s o la te d  h ep a to cy te s  a t  5-7°C 
fo llow ed  by warming to  37°C.
T o ca l and EG TA -inaccessible b in d in g  were measured as  
d e sc rib e d  in  th e  Methods G .2. I s o la te d  h epatocy tes
w ere incu b a ted  a t  5-*7°C w ith  0 .1 8  ug/ml (4.7x10^ cpm/jig,
7 l 25£ - 0 )  o r  0 .95 pg/m l (1.4x10 c p m /p g ,% -4 )  I-ASOR
fo r  fo u r  h r . C e lls  were washed th re e  tim es a t  4°C,
resuspended , and then  warmed to  37°C. A liq u o ts  were
removed and t r e a te d  w ith  EGTA. EG TA -inaccessible r a d io -
125a c t i v i t y  re p re se n te d  in te r n a l i z e d  I-ASOR ( A , A ) .
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F ig u re  9. 125I-ASOR b ind ing , up tak e , and d eg rad a tio n  in  i s o la te d  
h e p a to c y te s  a t  37°C.
125B ind ing , up take, and d eg rad a tio n  o f  I-ASOR were
125 6m easured w ith  0 .7  yg/ml I-ASOR (3 .3x10 cpm/yg) and
80 yg/m l ASOR fo r  n o n sp e c if ic  b in d in g  (3%). A. D is­
appearance o f  r a d io a c t iv i ty  from th e  medium w ith  the
sim ultaneous in c re a se  in  c e l l - a s s o c ia te d  r a d io a c t iv i ty  
125 -and I  in  th e  medium. B. In c re a se  in  EGTA-inaccessi­
b le  r a d io a c t iv i ty  ( th e  d if fe re n c e  between th e  two curves)
125in d ic a te s  in t e r n a l i z a t io n  o f  I-ASOR.
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125F igu re  10. I-ASOR b in d in g , up take, and d eg rad a tio n  i n  c e l l s  a t  
37°C a f t e r  24 h r  in  c u l tu r e .
C e lls  i n  c u l tu re  were r in s e d  fo u r  tim es w ith  warm
KH-PVP-40, re tu rn e d  to  th e  in c u b a to r fo r  15 min, and then  
125assayed  f o r  I-ASOR b in d in g , up take, and d eg rad a tio n .
125In d iv id u a l  d ish es  were exposed to  0.16 yg/m l I-ASOR 
(3.5x10** cpm/yg) in  th e  absence o r  p resence  o f  50 yg/ml 
u n la b e led  ASOR (10% n o n -s p e c if ic  b in d in g ) . At tim ed 
i n t e r v a l s ,  d ish e s  were cooled  on ic e  and washed as des­
c rib e d  in  Methods G.2. The medium and th e  r in s e d  mono­
la y e r s  ( r in s e s  d iscard ed ) w ere p r e c ip i ta te d  w ith  10%
TCA ( f i n a l  c o n c e n tra tio n ) . A liq u o ts  o f  th e  TCA-soliible 
su p e rn a ta n t were analysed  by Sephadex G-25 chromatography 
as  d e sc r ib e d  in  Methods G .2. C e ll mnrber was e s tim a ted  
by LDH a c t i v i t y .  A. The d isappearance o f  r a d io a c t iv i ty
from th e  medium occurs w ith  a  s im ultaneous in c re a se  in
125 -c e l l - a s s o c ia t e d  r a d io a c t iv i ty  and I  i n  th e  medium.
B. D is t r ib u t io n  o f  th e  c e l l - a s s o c ia te d  r a d io a c t iv i ty .
An in c re a s e  in  EG TA -inaccessible r a d io a c t iv i ty  ( th e
d if f e re n c e  between the 2 curves in  B) in d ic a te s  uptake 
125o f  ^ J I-AS0R.
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125F igure 11. LM-ARG o f  c e l l s  in  c u l tu re  in c u b a te d  w ith  I-ASOR
a t  37°C f o r  30 m in.
C e lls  a f t e r  24 h r  in  c u ltu re  were r in s e d  4 tim es w ith  
KH-PVP-40 and p re in c u b a ted  a t  37°C f o r  30 min. In d iv id u a l
1£C ^
d ish e s  w ere th e n  exposed to  0 .5  pg/m l I-ASOR (4.25x10 
cpm/iig) in  th e  absence o r  p resence  o f  100 pg/m l ASOR.
Two day exposu re , x350. Bar = 20 pm. a .  In cu b a tio n
1 i j p
w ith  I-ASOR a t  37°C fo r  30 min. ARG g ra in s  a r e  de­
p o s i te d  ov er th e  e n t i r e  c e l l  cytoplasm , b u t a re  o u t o f  
focus a t  c e l l  edges (a rro w s). C e lls  in  the m iddle o f 
c lu s t e r s  ap p ea r to  have few er ARG g ra in s  ( * ) .  b . In cu -
IMP
b a t io n  w ith  I-ASOR a t  37°C f o r  30 min in  th e  p resence  
o f  excess ASOR. Very few ARG g ra in s  (arrow head) a re  
v i s i b l e .
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c u l tu r e s ,  c e l l s  on th e  edge o f  c lu s t e r s  appeared  to  have accum ulated
more lig a n d  th a n  d id  c e l l s  tow ard  th e  c e n te r  (F ig . 1 1 a ) .
We then  tu rn e d  to  EH-ARG to  v is u a l iz e  th e  I n t r a c e l l u l a r  pathw ay taken  
125by I-ASOR i n  i s o la te d  h e p a to c y te s  c o n tin u o u s ly  exposed to  th e  lig a n d  
a t  37°C. T ab le IV c o n ta in s  a  summary o f  th e  a u to ra d io g ra p h ic  q u a n t i ta t io n .  
A t 0 tim e, 61% o f  th e  g ra in s  w ere a s s o c ia te d  w ith  th e  plasm a membrane 
compartment, and 39% were i n t r a c e l l u l a r .  T h is  r e l a t i v e ly  la rg e  i n t r a ­
c e l l u l a r  amount a t  th e  i n i t i a l  tim e p o in t p ro b ab ly  r e f l e c t s  b o th  the  
r a p id  i n t e r n a l i z a t i o n  and th e  f i n i t e  tim e i t  to o k  to  sample and d i lu te  
th e  a l iq u o t  on i c e .  The g r a in  d e n s ity  (% g ra in s/%  a rea ) was 3 .3  fo r  
th e  plasm a menfcrane compartment, and on ly  0 .9 1  i n  th e  cy to p lasm ic  
coapartm en t. By 30 and 60 min, th e  g ra in  c o n c e n tra tio n  s h i f t e d  to  the  
lysosom al com partment. The d e c re a se  w ith in  th is , l a t t e r  compartment
125a t  60 min from 3 .9  to  2 .0  was c o n s is te n t  w ith  th e  lo s s  o f  degraded  1-ASOR 
125 -in  th e  form o f  I  as  p r e d ic te d  from th e  b io c h em ic a l r e s u l t s  (F ig .  9) . 
C e l ls  in c u b a te d  w ith  lig a n d  f o r  30 and 60 min and then  b r i e f l y  (5 min) 
exposed to  EGTA, had s u b s t a n t i a l l y  reduced nunbers o f  g ra in s  i n  th e  plasma 
membrane compartment (5.9% and 0 r e s p e c t iv e ly ) ,  confirm ing  a t  th e  
u l t r a s t r u c t u r a l  l e v e l  th a t  EGTA cou ld  be  used to  d is c r im in a te  betw een 
s u r fa c e  and i n t r a c e l l u l a r  l ig a n d .
125The ARG g r a in  lo c a l iz a t i o n  seen  i n  c e l l s  in c u b a te d  w ith  I-ASOR 
f o r  30 min i s  i l l u s t r a t e d  i n  F ig . 12. A s u b s t a n t i a l  c o n c e n tra tio n  o f 
g ra in s  was ap p a re n t i n  s t r u c tu r e s  i d e n t i f i e d  a s  lysosom es as w e ll  as 
around th e  c e l l  p e r ip h e ry . Of th e  g ra in s  a s s o c ia te d  w ith  (o r  n e a r)  the 
c e l l  su r fa c e , th e re  was no obv ious c o n c e n tra tio n  to  p a r t i c u l a r  re g io n s  
o f  th e  c e l l .
E. ASOR-HRP C ytochem istry  i n  D is so c ia te d  H epatocy tes
The experim en ts  d e sc rib e d  above dem onstrated  th a t  s in g le  h e p a to c y te s


















D is tr ib u tio n  of ABC C rains A ssociated with Iso la te d  Hepatocytes Exposed to  *^I-ASOR a t  37*C»
C ellu la r Compartment
Plasma Membrane Cytoplasm LysosomeB Colgl Nuclei M itochondria
0 MIN
Z to ta l  g ra in s  (28) 61 36 0 0 0 3
Z . to ta l  a rea  (928) 18 39 2.5 0.84 8.0 31
Z g ra lns/Z  a rea 3.3 0.91 0 0 0 0.12
30 HIN
Z to ta l  g ra in s  (109) 19 60 16 3.7 0 4.6
Z to ta l  area (1345) 14 42 4 .2 2.6 12 25
Z g ra lns/Z  area 1.4 1.4 3 .9 1.4 0 0.18
30 MIN + EGTA
Z to ta l  g ra in s  (136) 5 .9 61 27 1.5 0.74 3.7
Z to ta l  a rea  (1191) 9.2 39 4.7 1.6 IS 30
Z g ra lns/Z  area 0.64 1.6 5.8 0.94 0.048 0.12
60 MIN
Z to ta l  g ra in s  (103) 25 61 6 .8 0.97 0.97 4 .8
Z to ta l  a rea  (1189) 16 46 3.4 1.5 9.9 24
Z g ra lns/Z  area 1.6 1.3 2.0 0.66 0.10 0.20
60 MIN + EGTA
Z to ta l  g ra in s  (75) 0 49 36 2.7 0 12
Z to ta l  a rea  (622) 13 44 5.1 1.6 1.9 35
Z g ra lns/Z  area 0 1.1 7.0 1.7 0 0.34
♦Celle vere Incubated w ith 0.17 pg/ml l , , I-AS0R <1 x 10 cpm/iig) a t  37*C, and a liq u o ts  were 
removed and e i th e r  tre a ted  with EGTA, o r washed d ire c t ly  a s  described In Methods, G.2. The c e l l  p e l le ts  
were then fixed  and processed fo r  EM-ARG, (Methods, C .3 .) .  Q uantita tion  was performed on micrographs of 
sec tions exposed fo r  7 weeks, (tim bers In parentheses r e fe r  to  the  to ta l  number of g ra in s  o r  in te rse c ­
tio n  p o in ts  counted in a given category .)
125F igure 12. EM-ARG o f  an I s o la te d  h ep a to cy te  Incubated  w ith  1-ASOR 
a t  37°C f o r  30 mln.
T y p ica l EM au to rad iog raph  a f t e r  30 mln continuous exposure 
125to  1-ASOR under th e  co n d itio n s  d e sc rib e d  in  Table I I I .  
ARG g ra in s  a re  co n cen tra ted  i n  th e  plasm a membrane (arrow ­
heads) and in  th e  G olgi-lysosom e a rea s  (G = Golgi complex. 
Ly = lysosom e). x4300. Bar = 5 pm, 5 month exposure .
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and c e l l s  in  m onolayer c u l tu re s  resem bled  h ep a to cy tes  I n  v iv o , bo th  
q u a n t i ta t iv e ly  and q u a l i t a t iv e ly  i n  te rm s o f  b in d in g  a c t i v i t y ,  i n t e r ­
n a l iz a t io n ,  and f a te  o f  ASGPs. We n e x t in v e s t ig a te d  th e  d is t r ib u t io n  
o f  ASGP s u r fa c e  re c e p to rs  on f r e s h ly  i s o la t e d  c e l l s ,  s in c e  th e se  c e l l s  
have no reco g n izab le  b lood  f ro n t  domain, th e  predom inant lo c a t io n  o f  
th e  ASGP re c e p to r  i n  s i t u  (66, 6 7 ) . Q u a l i ta t iv e ly ,  th e  EM-ARG r e s u l t s  
in d ic a te d  a  random d is t r i b u t io n  o f  b in d in g  s i t e s  ov er th e  e n t i r e  s u r fa c e .  
However, th e  r e s o lu t io n  o f  t h i s  techn ique  was n o t adequate fo r  p re c ise  
u l t r a s t r u c t u r a l  lo c a l iz a t io n  o f  ASGP s u r fa c e  b in d in g  s i t e s .  T h e re fo re , 
p re lim in a ry  experim ents were c a r r ie d  o u t w ith  ASOR-HRP, a cytochem ical 
t r a c e r .  In  c e l l s  exposed to  s a tu r a t in g  co n ce n tra tio n s  o f ASOR-HRP a t  
5°C f o r  2 h r ,  r e a c t io n  p roduct was c o n c e n tra te d  in  p i t s  a t  the  c e l l  
s u r fa c e  (P ig . 1 3 a ). The c e l l  su rfa c e  betw een p i t s  and along m ic r o v i l l i  
was a ls o  s ta in e d ,  b u t l e s s  in te n s e ly .  Exam ination o f  c ro ss  s e c tio n s  o f  
> 50 c e l l s  rev ea led  th a t  th e  e n t i r e  c e l l  circum ference was s ta in e d ,  w ith  
c lu s t e r s  o f d a rk ly  s ta in e d  p i t s  seen  in  some areas  and o cc a s io n a l empty 
p i t s  found a lo n g sid e  th o se  co n ta in in g  th e  l ig a n d . C e lls  th a t  w ere t r e a te d  
w ith  7 .5  mM EGTA a f t e r  two h r  o f  con tinuous exposure to  ASOR-HRP a t
5°C w ere devoid o f  c e l l  su rfa c e  r e a c t io n  p roduct (F ig . 13b), in d ic a t in g
+2t h a t  b o th  th e  l i g h t  and heavy s ta in in g  re q u ire d  Ca . F in a l ly ,  c e l l s  
th a t  w ere exposed to  ASOR-HRP in  th e  p resen ce  o f  1 0 0 -fo ld  excess ASOR 
(n o t shown) o r  th a t  w ere n ever exposed to  th e  con jugate  were a lso  
f r e e  o f  s ta in in g .  T h e re fo re , ASOR-HRP re a c tio n  p ro d u c t d ep o sited  on th e  
c e l l  su rfa c e  a t  5°C re p re s e n ts  s p e c i f i c  b in d in g  o f ASOR-HRP.
We n ex t examined th e  en d o cy tic  pathway o f  ASOR-HRP in  i s o la te d  
h e p a to c y te s . When c e l l s  were c o n tin u o u s ly  exposed to  ASOR-HRP a t  37°C 
f o r  30 min, r e a c t io n  p roduct was found in  v e s ic le s  i n  the  G olgi-lysosom e 
re g io n . Furtherm ore , p i t s ,  v e s ic le  p r o f i l e s ,  and i r r e g u la r ly - s h a p e d
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F ig u re  13. ASOR-HRP b in d in g  to  th e  su rfa c e  o f d is s o c ia te d  hepato ­
cy tes  a t  5°C.
a . I s o la te d  h e p a to c y te s  w ere incubated  w ith  A /*g/ml 
ASOR-HRP f o r  2 h r  a t  5°C, and then  washed, f ix e d , and 
in c u b a ted  w ith  DAB-H2O2 a s  d escribed  in  Methods, E. 
R eaction  p ro d u c t i s  d e p o s ite d  d if fu s e ly  o v e r th e  c e l l  
su rfa c e  and i s  h e a v ily  co n cen tra ted  in  p i t s  (s in g le  
arrow head) and s n a i l  v e s ic l e s  presumed to  be  in  co n tac t 
w ith  th e  medium (double arrow head), b . C e lls  from (a) 
th a t  w ere in c u b a ted  w ith  ASOR-HRP fo r  2 h r  a t  5°C were 
t r e a te d  w ith  EGTA as  d e sc r ib e d  in  Methods, E. b efo re  
p ro c e s s in g . R eac tion  p ro d u c t i s  absent from th e  c e l l  
su r fa c e , p i t s  ( s in g le  arrow head) and v e s ic le s  n e a r  the  
su r fa c e . U nsta ined  s e c t io n s ,  x50,A00. B ar = 0 .2  ym.
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tu b u le s  n e a r  th e  s u r fa c e  a ls o  co n ta in ed  re a c t io n  p ro d u c t ( f i g s .  14a and 
14b) a s  w e ll  as reg io n s  o f  th e  c e l l  s u r fa c e  between p i t s .  T h is  l a t t e r  
s ta in in g  was v a r ia b le  i n  e x te n t  on th e  s in g le  c e l l ,  p ro b ab ly  r e f l e c t i n g  
th e  r a p id  r a t e  o f  i n t e r n a l i z a t i o n  a t  37°C. T reatm ent o f  th e se  c e l l s  
w ith  EGTA removed a l l  c e l l  s u r fa c e  s t a in in g  (F ig . 14b ), b u t  i r r e g u l a r ly -  
shaped tu b u le s  and v e s ic l e  p r o f i l e s  n e a r  th e  su rfa c e  rem ained s ta in e d ,  
d em o n stra tin g  th e  c lo s e  p ro x im ity  o f  t h i s  in te rm e d ia te  compartment to  
th e  c e l l  s u r fa c e  i n  i s o l a t e d  c e l l s .
P re lim in a ry  o b se rv a tio n s  w ith  ASOR-HRP a t  5°C i n  h ep a to cy te s  
c u l tu re d  i n  m onolayers f o r  4 and 24 h r  in d ic a te d  th a t  s p e c i f i c  r e a c t io n  
p ro d u c t was lo c a te d  i n  co a ted  p i t s  a long  su r fa c e s  fa c in g  th e  medium, 
th e  c o lla g e n  su b stra tu m , and on l a t e r a l  menfcranes ( f i g s .  15a and 15b).
In  a d d i t io n ,  s ta in in g  was seen  betw een p i t s  and a long  m ic r o v i l l i  (F ig s .
15a and 1 5 b ). At 24 h r ,  two p re lim in a ry  o b se rv a tio n s  w ere made: 1)
The r e a c t io n  p ro d u c t i n  p i t s  a t  th e  c e l l  s u r fa c e  ap peared  l e s s  c o n c e n tra te d  
th a n  i n  p i t s  on i s o l a t e d  h e p a to c y te s  o r  c e l l s  c u l tu re d  f o r  4 h r  i n  a 
m onolayer (F ig . 15b); and 2) ASOR-HRP was a b se n t from b i l e  c a n a l ic u la r -  
l i k e  s p a c e s .  Work i s  i n  p ro g re s s  to  p e rm e a b iliz e  th e  t i g h t  ju n c tio n s  
i n  c u l tu r e d  c e l l s  under c o n d itio n s  th a t  w i l l  p re v e n t r e c e p to r  r e d i s t r i ­
b u tio n  i n  o rd e r  to  e s t a b l i s h  th e  p re sen ce  o r  absence o f  th e  s in u s o id a l  
m arker from  th e  "new" b i l e  c a n a l ic u la r  domain.
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F ig u re  14. ASOR-HRP b ind ing  and uptake by d is s o c ia te d  h ep a to cy te s  
a t  37°C.
a. I s o la te d  h ep a to cy te s  were in c u b a ted  w ith  2 pg/ml ASOR- 
HRP f o r  30 min a t  37°C, washed, f ix e d , and then  in c u b a ted  
w ith  DAB-H^O  ̂ a s  d escrib ed  in  M ethods, E. R eaction  pro­
duct i s  c o n ce n tra te d  in  p i t s  and v e s ic le  p r o f i l e s  (arrow s) 
n e a r  th e  s u r fa c e ,  s u rfa c e  membrane o u ts id e  p i t s  and in ­
c lu d in g  m ic r o v i l l i  (arrow heads), i r r e g u la r ly -s h a p e d  tu b u le s  
and v e s ic le s  n e a r  th e  su rfa c e  (in te rm e d ia te  compartment 
( 5 ) ) ,  and in  v e s ic le s  in  th e  G olgi-lysosom e reg ion  (n o t 
shown), b . C e lls  from (a) th a t  w ere incubated  w ith  
2 pg/m l ASOR-HRP f o r  30 min a t  37°C, were t r e a te d  w ith  
7 .5  mM EGTA b e fo re  p ro c e ss in g . R eaction  product i s  
ab se n t from th e  c e l l  su rfa c e , b u t rem ains in  sm all i r ­
re g u la r ly -sh a p e d  tu b u le s  n e a r  th e  su rfa c e  ( in te rm e d ia te  
com partm ent). x32 ,000 . Bar = 0 .5  pm.
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F ig u re  15. ASOR-HRP b in d in g  a t  5°C to  th e  su rfa c e  o f  h ep a to cy te s
c u ltu re d  f o r  fo u r and 24 h r  in  a  m onolayer, 
a . C e lls  were c u ltu re d  in  a  m onolayer fo r  4 h r  and 
th en  r in se d  and in cu b a ted  w ith  ASOR-HRP (2 iig/ml) a t  
5°C fo r  4 h r  as d esc rib e d  in  Methods I .  The m onolayers 
were p rocessed  f o r  e le c t ro n  m icroscopy as p e l l e t s  a s  
d esc rib ed  in  Methods F. The r e a c t io n  p roduct i s  u n i­
form ly d is t r ib u te d  along menbrane s u r fa c e s ,  (arrow s = 
p i t s  and v e s ic le s  n e a r  th e  c e l l  s u r fa c e )  x30,400 . Bar = 
0 .33  jim. b . C e lls  from th e  same p la t in g  a s  (a ) were 
c u ltu re d  fo r  24 h r  and then  in c u b a ted  w ith  ASOR-HRP 
under th e  same c o n d itio n s . R eac tion  p roduct i s  seen  
evenly  d ep o sited  along l a t e r a l  membrane su rfa c e s  and 
p i t s  (arrow s) opening onto th e se  s u r fa c e s .  x30,400. 
c . C e lls  from (a ) were in cu b a ted  w ith  ASOR-HRP fo r  4 
h r  a t  5°C in  th e  p resence  o f  100 jig un labe led  ASOR. 
R eac tion  p roduct i s  ab sen t from a l l  membrane s u r fa c e s .
(D » su rfa c e  in  co n ta c t w ith  the d ish ) x30,400.
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DISCUSSION
We have dem onstra ted  t h a t  b o th  f r e s h ly  I s o la t e d  h e p a to c y te s  and 
c e l l s  c u l tu re d  f o r  24 h r  i n  a  m onolayer ex p ress  th e  re c e p to r-m e d ia te d  
pathway f o r  ASGP u p take  and c a ta b o lism . A combined b io ch em ica l and 
m orp h o lo g ica l approach  was used to  q u a n t i ta t e  and v i s u a l iz e  th e  l ig a n d  
pathw ay.
A. C o llagenase  Causes a  R eduction  i n  C e ll S u rface  ASGP R ecep to rs T hat 
i s  R e v e rs ib le  w ith  In c u b a tio n  a t  37°C
Since we w ere s p e c i f i c a l ly  i n t e r e s t e d  i n  th e  l o c a l i z a t i o n  o f  c e l l  
s u r fa c e  ASGP b in d in g  s i t e s  on h e p a to c y te s  a f t e r  d is s o c ia t io n ,  we were 
concerned th a t  th e  p ro te a se s  known to  be p re se n t i n  c o llag en a se  p re p a ra ­
t io n s  ( 68, 69) m ight in a c t iv a te  a  s ig n i f i c a n t  number o f  r e c e p to r s .  By 
m a n ip u la tin g  th e  number o f  exposu res to  c o lla g e n a se  and th e  tim e and 
te m p era tu re  o f  subsequen t in c u b a tio n s ,  we were a b le  to  d is t in g u is h  
betw een a  c o l la g e n a s e -a s s o c ia te d  re d u c t io n  in  c e l l  s u r fa c e  ASGP b in d in g  
a c t i v i t y  and a  tim e and tem p era tu re -d ep en d en t reco v e ry  o f  th a t  a c t i v i t y  
i n  b o th  p e rfu se d  l i v e r  and i s o l a t e d  c e l l s .  The a b i l i t y  o f  i s o la te d  
h e p a to c y te s  to  in c re a s e  th e  number o f  s u rfa c e  ASGP re c e p to rs  d u ring  
in c u b a tio n  a t  37°C h as  been r e p o r te d  by o th e rs  (28 , 29 , 70). We found 
th a t  d is s o c ia te d  c e l l s  exposed tw ice  to  c o lla g e n a se  were ab le  to  in c re a s e  
t h e i r  su rfa c e  r e c e p to r  p o p u la tio n  even in  th e  p resen ce  o f  1 mM c y c lo -  
heximri.de.
Our f in d in g  th a t  c o l la g e n a s e - t r e a te d  h e p a to c y te s  " re c o v e r"  a 
v a r ia b le  f r a c t io n  o f  su rfa c e  ASGP re c e p to rs  in  th e  absence o f  new p r o te in  
s y n th e s is  su g g e s ts  th a t  a  p re v io u s ly  in a c c e s s ib le  p o o l o f  re c e p to rs  
appea rs  a t  th e  c e l l  su rfa c e  w ith  tim e a t  37°C. R ecent r e p o r ts  in d ic a te  
th a t  th e  c e l l  s u r fa c e  p o p u la tio n  in  th e  i s o la te d  h ep a to cy te  may re p re s e n t
B
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as l i t t l e  as 5% o r  as  much a s  50% o f t o t a l  c e l l u l a r  r e c e p to r  (2 1 , 28,
71 ). However, th e  e x a c t s iz e  and s i t e ( s )  o f  th e  i n t e r n a l  r e c e p to r  p o o l 
rem ain c o n tro v e r s ia l  (21 , 3 7 ). The r e s u l t s  o f  s e v e ra l  s tu d ie s ,  i n ­
c lu d in g  o u r  own, dem onstra te  c le a r ly  t h a t  th e  su rfa c e  p o p u la tio n  o f  
r e c e p to r  i s  i n s u f f i c i e n t  to  account f o r  a l l  o f  th e  l ig a n d  in te r n a l i z e d  
a t  37°C. Thus, r e c e p to r  r e u t i l i z a t i o n  h as  been p o s tu la te d .  However, 
th e  ro le  o f  th e  i n t e r n a l  p o o l in  t h i s  r e u t i l i z a t i o n  i s  u n c le a r  a t  
p r e s e n t .  N e v e rth e le ss , o u r r e s u l t s  su g g e s t very  s tro n g ly  th a t  in  
i s o l a t e d  h e p a to c y te s , th e  i n t e r n a l  r e c e p to r  p o o l can c o n tr ib u te  to  the  
su r fa c e  p o p u la tio n . We a re  c o n tin u in g  th e s e  r e lo c a t io n  s tu d ie s .
A lthough th e  mechanisms o f  c o lla g e n a se -a sso  d a t e d  re d u c tio n  and 
subsequen t recovery  o f  ASGP b in d in g  a c t i v i t y  rem ain u n c le a r ,  i t  appea rs  
t h a t  th e  v a r i a b i l i t y  seen  among o u r  c e l l  p re p a ra t io n s  cou ld  be e x p la in ed  
by th e  v a r ia b le  - deg rees o f  lo s s  and reco v e ry  o f  su rfa c e  r e c e p to r s .  Thus, 
we u rge  ca u tio n  i n  th e  i n t e r p r e t a t i o n  o f  r e c e p to r  number in  i s o l a t e d  
h e p a to c y te s .
B. S u rface  B inding and I n t r a c e l l u l a r  F a te  o f  ASGP R ecep to rs  i n  I s o la te d  
H epatocy tes and M onolayer C u ltu re s  Resembled E vents i n  P e rfu se d  L iv e r
As s t a t e d  above, we observed  s u b s t a n t i a l  v a r i a b i l i t y  in  th e  n usber 
o f  s u r fa c e  ASGP re c e p to rs  a t  5°C among f r e s h ly - i s o la t e d  c e l l  p re p a ra t io n s  
w ith  m ost o f  ou r p re p a ra t io n s  y ie ld in g  c e l l s  hav ing  100,000-400,000 s u r fa c e  
re c e p to rs  a f t e r  I s o la t io n .  The ex trem es we have found a re  i n  agreem ent 
w ith  b o th  th e  low v a lu e s  ( i . e . ,  l e s s  th an  100,000 r e c e p to r s / c e l l  (28,
29, 70) and h igh  v a lu es  ( i . e . ,  1 0 0 ,0 0 0 -5 0 0 ,0 0 0 /c e ll (30 , 72-74) re p o r te d  
by o th e r s .
When i s o la te d  c e l l s  w ere m a in ta in ed  in  m onolayer c u l tu re  f o r  24 
h r ,  we found th a t  th ey  r e ta in e d  com parable numbers o f s u rfa c e  ASGP 
re c e p to rs  to  th o se  found in  c e l l s  i n  su sp en sio n  and i n  p e rfu se d  l i v e r s  (10) .
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F urtherm ore , we v e r i f i e d  by LM-ARG th a t  > 95% o f  th e  c e l l s  i n  th e  c u l tu re
125a c t iv e ly  in te r n a l i z e d  I-ASOR. The p re lim in a ry  f in d in g  th a t  h e p a to c y te s  
su rro u n d ed  by n e ig h b o rin g  c e l l s  co n ta in ed  few er ARG g r a in s  th a n  c e l l s  
w ith  la rg e  s u r fa c e  a re a s  a v a i la b le  to  th e  medium could  r e f l e c t  e i t h e r  
a  g r e a t e r  nunber o f  c e l l  s u r fa c e  re c e p to rs  o r  g r e a te r  a c c e s s i b i l i t y  to  
l ig a n d  i n  th e  medium by th e  c e l l s  on th e  edges o f  th e  m onolayer. E x p eri­
m ents a re  in  p ro g re s s  to  ad d re ss  t h i s  q u e s tio n .
I n  t h i s  s tu d y  we have found th a t  approx im ate ly  1 x  10^ m olecu les 
o f  ASOR w ere p ro cessed  o v er a  two h r  p e r io d  by b o th  d is s o c ia te d  c e l l s  
and c e l l s  c u l tu re d  f o r  24 h r .  T h is  r a te  r e p re s e n ts  10-30% o f  th e  r a te s  
r e p o r te d  by o th e rs  (.14 , 28, 74 , 7 5 ) . At p r e s e n t ,  we do n o t  have an 
e x p la n a tio n  f o r  th e  s low er r a t e  o b served ; however, th e  re d u c t io n  i n  
r a t e  o f  up tak e  cou ld  p o s s ib ly  b e  e x p lo i te d  to  d e te c t  l ig a n d  o r  r e c e p to r  
i n  com parm ents th a t  would b e  d e p le te d  too  ra p id ly  f o r  d e te c t io n  i n  v iv o . 
N o n e th e le ss , we a re  c o n f id e n t from  o u r  au to ra d io g rap h y  r e s u l t s  th a t  
th e  i n t r a c e l l u l a r  f a t e  o f  in t e r n a l i z e d  ASOR rem ains q u a l i t a t i v e l y  
e q u iv a le n t  to  th e  i n  v ivo  pathw ay.
C. ASGP B inding  S i te s  Were Not U niform ly D is tr ib u te d  on th e  S urface  o f  
an  I s o la te d  H epatocyte  
Our cy tochem ical r e s u l t s  -using ASOR-HRP su p p o rt th e  h y p o th e s is  t h a t ,  
w ith  i s o l a t i o n  and lo s s  o f  c e l l  s u r fa c e  s p e c ia l i z a t io n s ,  i n t e g r a l  membrane 
p r o te in s  a re  no lo n g e r  s e g re g a te d  to  one domain. T hat i s ,  th e  ASGP 
r e c e p to r ,  a  m arker o f  th e  s in u s o id a l  domain i n  h e p a to c y te s  i n  s i t u ,  
was d i s t r i b u te d  around th e  e n t i r e  p e r ip h e ry  o f  th e  s in g le  c e l l .  However, 
we d id  observe a  c o n c e n tra tio n  o f  ASOR-HRP re a c t io n  p ro d u c t in  coated  
p i t s  a s  w e ll  as a  l i g h t e r  s ta in in g  on th e  r e s t  o f  th e  c e l l  s u r f a c e ,  a 
p a t te r n  analogous to  th a t  seen  in  th e  p e rfu se d  l i v e r  (1 0 ) . I t  i s  
i n t e r e s t i n g  th a t  th e  p r e f e r e n t i a l  c o n c e n tra tio n  in  co a ted  p i t s  i s
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m a in ta in ed  in  th e  u n p o la riz e d  c e l l  s in c e  p rev io u s  s tu d ie s  o f  membrane 
topography in  o th e r  e p i t h e l i a l  system s have n o t d e te c te d  such a  d i s t r i b u ­
t io n  f o r  membrane p r o te in s  fo llo w in g  d is ru p tio n  o f  c e l l  ju n c t io n s .  For 
exam ple, Hoi Sang e t  a l  (76) d is s o c ia te d  MDCK c e l l s  w ith  EDTA and n o te d  
th e  s im u ltan eo u s lo s s  o f  t i g h t  ju n c t io n a l  e lem ents and th e  d isappea rance  
o f  d i f f e r e n t i a l  in tram ezbranous p a r t i c l e  d e n s i t ie s  by f re e z e —f r a c t u r e .
Pisam  and Ripoche (77) s tu d ie d  d is s o c ia te d  fro g  u r in a ry  b la d d e r  e p ith e liu m  
by a  v a r ie ty  o f u l t r a s t r u c t u r a l  and cy tochem lcal te c h n iq u e s  and found 
th a t  as t i g h t  ju n c tio n s  were opened, a p ic a l  g ly c o p ro te in  la b e ls  "invaded" 
th e  b a s o la t e r a l  domain. Ziomek e t  a l  (78) observed  slow  and uniform  
d if f u s io n  o f  a lk a l in e  p h o sp h a tase  and le u c in e  am inopeptidase (two i n t e ­
g r a l  menbrane enzymes n o rm ally  s e g re g a te d  to th e  b ru sh  b o rd e r  o f  
i n t e s t i n a l  e p ith e liu m ) o v e r  th e  e n t i r e  su rfa c e  o f  th e  s in g le  c e l l .  We 
and o th e r s  have y e t  to  de te rm in e  w h e th e r  r e d i s t r i b u t i o n  o f  membrane p ro ­
te in s  i s  accompanied by in s e r t io n  from  an  i n t r a c e l l u l a r  p o o l.
F in a l ly ,  we have found th a t  d u r in g  re -e s ta b lis h m e n t o f  u l t r a s  t r u c t u r a l  
d i f f e r e n t i a t i o n  in  c e l l s  c u l tu re d  a s  a  m onolayer f o r  24 h r ,  th e  pathway 
f o r  up take o f  d e s ia ly la te d  g ly c o p ro te in s  was m a in ta in ed . The s i t e s  o f  
ASGP up take i n  t h i s  system  rem ain to  b e  in v e s t ig a te d ,  i n  o rd e r  to  e s ta b l i s h  
w hether a  s p e c i f i c  domain m arker, th e  ASGP re c e p to r ,  can be zeseg reg a ted  
in to  a  s in g le  domain o f  th e  c u l tu re d  h ep a to cy te  s u r fa c e .
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CHAPTER I I
Q u a n ti ta tio n  and L o c a l iz a t io n  o f  I n t r a c e l l u l a r  
A s ia lo g ly c o p ro te in  R ecep to rs
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C hapter I I  
MATERIALS AND METHODS
I .  R eagents
C o llag en ase  (Type 1A) and p o ly v in y lp y rro lid o n e  (PVP-40, pharma­
c e u t ic a l  g rad e) were from Sigma Chemical Co. ( S t .  L o u is , M3). T r i to n  
X-100 was from  J . J .  Baker Chemical Co. (P h i l l ip s b u rg ,  N J ) . Saponin 
was a  g i f t  from  Dr. J .D . Jam ieson . G lu ta ra ld eh y d e , I l f o r d  L4 and K5 
em ulsions w ere from E le c tro n  M icroscopy S ciences (F o r t  W ashington, PA).
A ll o th e r  chem icals w ere re a g e n t g rad e . Male Sprague-D awley r a t s  
(120 gm) w ere purchased  from  C harles  R iv e r B reeding L a b o ra to r ie s  
(W ilm ington, MA).
II*  M easurement o f  T o ta l C e l lu la r  ASGP B inding  A c t iv i ty
A. A ssay o f  H epatocytes a f t e r  S e q u e n tia l P r e - f ix a t io n  and D ete rg en t 
P e n n e a b il iz a t io n  (m o d if ic a tio n  o f  O htsuki e t  a l  ( 8 0 ) ) .  F re sh ly
i s o la te d  h e p a to c y te s  were f ix e d  w ith  1% form aldehyde, f r e s h ly  p rep ared  
from paraform aldehyde (1% PFA) in  0 .1  M Na pho sp h a te , pH 7 .4 ,  fo r  20 min 
on i c e .  The c e l l s  w ere r in s e d  3 tim es by se d im en ta tio n  (50 g, 3 min) and
n A
resu sp e n s io n  in  KH-PVP-40 a t  5 C. A liq u o ts  (0 .5 -2 .5  m l, 1 x  10 c e l ls /m l)  
125w ere assay ed  f o r  I-ASOR b in d in g  a c t i v i t y  as  d e sc r ib e d  (C hapter I )  i n  
th e  p re se n c e  o f  0 .0 5 -1 .0  mg/ml ( f in a l )  sap o n in . A f te r  r in s in g  as 
d e sc r ib e d  (C hap ter I ) ,  a l iq u o ts  were e i t h e r  counted o r  f ix e d  w ith  2% 
g lu ta ra ld e h y d e  (GA) in  0 .1  M cac o d y la te , pH 7 .4 , and p ro c e s se d  fo r  LM- 
o r  EM-ARG a s  d e sc rib e d  (C h ap te r I ) .
B. A ssay o f  H epatocytes a f t e r  S im ultaneous F ix a t io n  and D etergen t 
P e n n e a b i l iz a tio n . F re sh ly  i s o la te d  h e p a to c y te s  were f ix e d  in
2Z PFA/0.01% GA/0.1 M p h o sp h a te , pH 7 .4  in  th e  p re se n c e  o r  absence o f
0 .5  mg/ml sap o n in  fo r  30 min on i c e .  The c e l l s  were sed im en ted  and 
r in s e d  tw ic e  w ith  KH-PVP-40 by c e n t r i f u g a t io n  and re su sp e n s io n . The
76
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125f ix e d  and p e n n e a b illz e d  c e l l s  w ere th en  assayed  f o r  I-ASOR b in d in g  
a c t i v i t y  as d e s c r ib e d  in  A b u t  i n  th e  absence o f  sa p o n in . Subsequent 
p ro ced u re s  w ere as d e sc r ib e d  i n  A.
C. S o lu b i l iz e d  (TX-100) ASGP R ecep to r A ssay. I s o la te d  h e p a to c y te s ,
fro z e n  and  thawed once, w ere s o lu b i l iz e d  i n  1Z TX-100 f o r  measurement o f  
125I-ASOR b in d in g  as  d e sc r ib e d  by B ridges  e t  a l  (34) w ith  th e  fo llo w in g
m o d if ic a tio n s : 1) c e l l s  w ere in c u b a te d  i n  th e  s o lu b i l iz a t io n /b in d in g
b u f f e r  f o r  20 min on ic e  p r i o r  to  th e  a d d i t io n  o f  r a d io a c t iv i ty ;  2 ) th e
125a ssay  volume was 450 y l ;  3) I-ASOR c o n c e n tra tio n s  w ere s a tu r a t in g  
(1  iig/m l, 4 x  10® -  2 x  10^ cpm/yg) and n o n - s p e c if ic  b in d in g  was a s se s se d  
by in c lu s io n  o f  a  1 0 0 -fo ld  e x c e ss  o f  u n la b e le d  ASOR; 4) b in d in g  was mea­
su re d  a t  1 -3  h r ,  and th en  sam ples were p r e c ip i t a t e d  w ith  an e q u a l volume 
o f  co ld  s a tu r a te d  ammonium s u l f a t e ,  pH 7 .8  f o r  a t  l e a s t  20 m in; 5) th e  
p r e c i p i t a t e d  sam ples were f i l t e r e d  under vacuum ov er a  s in g le  la y e r  o f  
Whatman GFC g la s s  f i b e r  f i l t e r s  w ith  16 ( in  some cases  26) ml o f  
r i n s e  b u f f e r .  S p e c if ic  b in d in g  was d e f in e d  a s  t o t a l  minus n o n s p e c if ic  
and was e x p re sse d  on a  p e r  c e l l  b a s i s .  P rev io u s  work w ith  t h i s  r e c e p to r  
i n  o u r la b o ra to ry  has shown th a t  u n la b e le d  ASOR competes s u c c e s s fu l ly  fo r  
b in d in g  w hereas orosom ucoid o r  ag a lac to -o ro so -m u co id  do n o t ( d a ta  n o t show n).
D. S o lu b il iz e d  (EGTA/TX-100) ASGP R ecep to r Assay M odified  to  
R elease  "Endogenous L ig an d s" . C e lls  w ere s o lu b i l iz e d  i n  the
TX-100 b in d in g  b u f f e r  d e sc r ib e d  i n  C ex ce p t th a t  CaCl2 was o m itte d  and
EGTA (1 .8  mM, f i n a l  c o n c e n tra tio n )  in c lu d e d  to  r e le a s e  any endogenous
125lig a n d .  A f te r  20 min on i c e ,  u n la b e le d  ASOR a n d /o r  I-ASOR w ere added. 
CaCl2 was then  added to  b r in g  to  a  f i n a l  c o n c e n tra tio n  o f  10 mM (chem ical 
amount added), and T ris-H C l was added (25 mM, f i n a l  c o n c e n tra tio n )  to  b r in g  
pH up to  7 .8 .  The sam ples w ere th en  t r e a te d  as d e sc r ib e d  i n  C.
I I I .  M orpholog ical I d e n t i f i c a t io n  o f  I n t r a c e l l u l a r  ASGP B ind ing  A c tiv i ty  -  
LM- and EM-ARG Q u a n t i ta t io n .
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A. IM-ARG. S e q u e n tia lly  p re - f ix e d  (1Z PFA) and p erm eab ilized
•123 o(0 .3  mg/ml sapon in) c e l l s  exposed to  I-ASOR a t  5 C as  d e sc rib e d  In  IIA  
were p ro cessed  f o r  e l e c t r o n  m icroscopy. 0 .5  pm s e c tio n s  were c u t on a 
S o rv a ll  m icrotom e, p la c e d  on g la s s  :s l id e s ,  and coated  w ith  K5 a u to ra d io ­
g ra p h ic  em ulsion as d e s c r ib e d  i n  C hapter I .
B. • EM-ARG "o f S e q u e n tia lly  P re-F lx ed  and P e rm eab ilized  C e l l s .
P r e - f ix e d  and s e q u e n tia l ly  p re - f ix e d  and p e rm eab ilized  c e l l s  exposed to  
123I-ASOR a t  5°C as  d e sc r ib e d  in  IIA , w ere p rep a red  f o r  EM-ARG as des­
c r ib e d  i n  C hapter I .  The exposure tim e was 3 weeks. C ro ss -se c tio n s  o f  
s in g le  c e l l s  w ith  n u c le i  w ere d iv ided  in to  quadran ts  and photographed a t  
8000x. P r in t s  were made a t  24,000x. F or q u a n t i ta t io n  o f  th e  ARG g ra in  
d i s t r i b u t io n ,  th e  c e l l  was d iv id ed  in to  6 compartments which were i d e n t i ­
f ie d  a s  fo llo w s: 1) p lasm a membrane -  a  band c o n s is tin g  o f  th e  a re a  ob­
ta in e d  by o u t l in in g  th e  c e l l  p e rip h e ry  and m easuring 2 h a l f  d is ta n c e s  
(1 H.D. -  1000X) on e i t h e r  s id e ;  2) p e r ip h e ra l  cy toplasm  -  a band o f  cy to ­
plasm  8 h a l f  d is ta n c e s  in  w id th  p roceed ing  inward from th e  in n e r  b o rd e r  o f  
th e  plasm a membrane com partment; 3) G olgi-lysosom e -  a  m ito c h o n d ria -fre e  
a re a  (u s u a lly  p e r in u c le a r )  c o n ta in in g  G olgi elem ents ( s ta c k s  o f  f la t t e n e d  
cL s te rn ae , smooth meinbraned v e s ic le s  and v acu o le s , some w ith  l i p i d - l i k e  
p a r t i c l e s )  and au to p h ag ic  v acu o les  ( in  s a p o n in - tre a te d  c e l l s ,  t h i s  reg io n  
was h ig h ly  v e s lc u la te d  and lack ed  reco g n izab le  G olg i, however remnants 
o f  au tophag ic  vacu o les  w ere d is c e rn ib le ) ;  4)m Ltochondrla; 5) cytoplasm - 
th e  a re a  between th e  p e r ip h e r a l  cytoplasm  and the  n u c leu s  exclud ing  
m itochondria  and th e  G olgi-lysosom e re g io n ; and 6) n u c le i .  G rains were 
counted in  each  com partm ent. The a rea s  o f  each compartment were computed
w ith  th e  a id  o f  a  c a l ib r a t e d  g r id  (d ** 1 cm, 3 .2  in t e r s e c t io n  p o in ts  «*
2
1 pm a t  a  m a g n ific a tio n  o f  24 ,000 ). The g ra in  d e n s ity ,  ex p ressed  as g ra in s  
2
p e r  pm , and th e  r e l a t i v e  g ra in  d e n s ity , exp ressed  as  Z g ra in s /Z  a re a , 
were co n fu ted .
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C. EM-ARG o f  S im u ltan eo u sly  F ixed and P e rm eab ilized  C e l ls . C e lls  
th a t  w ere e i t h e r  u n fix e d , f ix e d  (2Z PFA/0.01% GA), o r  f ix e d  and p e r ­
m e ab ilized  (2Z PFA/0.01Z GA/0.5 ng/m l sapon in ) w ere in c u b a te d  w ith  
125 I-ASOR as  d e sc r ib e d  i n  I  IB , and then  p re p a re d  f o r  EM-ARG as d e sc rib e d  
i n  C hap ter I .  The exposure  tim es w ere 4 and 7 w eeks. The s e le c t io n  
and photography o f  c e l l  q u ad ran ts  f o r  q u a n t i ta t io n  o f  th e  ARG g ra in  
d i s t r i b u t io n  w ere s im i la r  to  th e  method d e sc r ib e d  in  IIIB  ex ce p t th a t  
th e  f i n a l  m a g n if ic a tio n  was 20 ,000x . Because th e  i n i t i a l  o b se rv a tio n  made 
was th a t  th e  cy top lasm  ( in  p r e - f ix e d  and p e rm e a b iliz e d  c e l l s )  co n ta in ed  
a  la rg e  f r a c t io n  o f  b in d in g  a c t i v i t y  which appeared  to  b e  lo c a l iz e d  to  
th e  G olgi-lysosom e re g io n , th e  c e l l s  w ere d iv id e d  in to  8 compartments 
f o r  a n a ly s is :  1) plasm a membrane -  a s  d e sc r ib e d  i n  C hapter I ;  2) p e r i ­
p h e ra l  cy top lasm  -  a  band o f  cy top lasm  10 h a l f  d is ta n c e s  i n  w id th  
p ro ceed in g  inw ard  from  th e  in n e r  b o rd e r  o f  th e  plasm a membrane com part­
m ent; 3) G olg i complex -  s ta c k s  o f  G olgi c i s t e r a a e  p lu s  2 h a l f  d is ta n c e s  
around  them; 4) G olgi cy toplasm  -  cy toplasm  10 h a l f  d is ta n c e s  beyond the  
G o lg i conpartm ent ex c lu d in g  m ito ch o n d ria  and lysosom es; 5) lysosom es -  
dense b o d ie s , r e s id u a l  b o d ie s , and v acu o les  c o n ta in in g  amorphous m a te r ia l ;  
6) n u c le i ;  7) m ito ch o n d ria ; 8) cytoplasm  -  a l l  rem ain ing  a re a s  n o t i n ­
c lu d ed  i n  th e  o th e r  7 com partm ents. G rains w ere counted  w ith in  each  
compartment f o r  each  in d iv id u a l  c e l l .  The a rea s  f o r  each  compartment
and c e l l  w ere c a lc u la te d  w ith  a  c a l ib r a te d  g r id  (d  ■ 1 cm, 4 in t e r s e c t io n  
2
p o in ts  = 1 pm a t  a  m a g n if ic a tio n  o f  20 , 000) ,  and th e  mean g ra in  d e n s ity
and r e l a t i v e  g ra in  d e n s ity  w ere computed. T e s ts  f o r  s ig n if ic a n c e  were
2perfo rm ed . The un p a ired  t  t e s t  was a p p lie d  to  d a ta  (g ra ln s /p m  ) accumu­
l a t e d  fo r  each  in d iv id u a l  c e l l  f o r  com parisons betw een e x p e rim en ta l condi­
t i o n s .  The p a i re d  t  t e s t  was a p p lie d  to  d a ta  (Z g ra in s /Z  a re a )  f o r  
com parisons betw een compartments o f  th e  in d iv id u a l  c e l l s  i n  a s in g le
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BO
e x p e rim e n ta l c o n d i tio n .
IV. D e te c tio n  o f  Movement o f  ASGP R eceptors from an I n t r a c e l l u l a r  
L o ca tio n  to  th e  C e l l  S u rface
S tu d ie s  i n  C hap ter I  su g g es ted  th a t  a  tim e and tem p era tu re  dependent 
reco v ery  o f  c e l l  s u r fa c e  ASGP b in d in g  a c t iv i t y  in  th e  absence o f  p ro te in  
s y n th e s is  o ccu rred  i n  i s o l a t e d  h ep a to cy te s  fo llo w in g  c o lla g e n a se  ex posu re . 
Because i t  was su sp e c te d  t h a t  t h i s  s u rfa c e  b in d in g  a c t i v i t y  was re p le n ish e d  
from  an  i n t r a c e l l u l a r  p o o l,  experim en ts  w ere perform ed to  m easure t h i s ,  
ta k in g  advan tage o f  th e  sap o n in  p e n n e a b il iz a tio n  method. I s o la t e d  c e l l  
su sp e n sio n s  were in c u b a te d  f o r  a  recovery  p e r io d  a f t e r  c o lla g e n a se  t r e a t ­
ment a t  25°C, r in s e d  tw ic e , and p r e - f ix e d  w ith  1Z PFA as d e sc r ib e d  in  
125IIA . I-ASOR b in d in g  was m easured w ith  o r  w ith o u t 0 .3  mg/ml sapon in  
as d e sc r ib e d  i n  IIA .
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C hapter I I  
RESULTS
I .  D e te c tio n  o f  a  L arge I n t r a c e l l u l a r  Pool o f  ASGP B ind ing  A c tiv i ty
R eports  o f  th e  p re se n c e  o f  a  la rg e  i n t r a c e l l u l a r  pool o f  ASGP re c e p -  
to r s  d e te c ta b le  by d e te rg e n t e x t r a c t io n  o f  l i v e r  homogenates ( 21) ,  su b - 
c e l l u l a r  f r a c t io n s  (21, 22) ,  and i s o la te d  h e p a to c y te s  (2 8 ), le d  us to  
ex p lo re  methods t h a t  would a llo w  f o r  s im u ltan eo u s q u a n t i ta t io n  and v i s u a l ­
iz a t io n  o f  th e  i n t r a c e l l u l a r  lo c a t io n s  o f  t h i s  b in d in g  a c t i v i t y .  The
125e f f e c t  o f  form aldehyde p r e - f ix a t io n  on subsequen t I-ASOR b in d in g  a t  
5°C was f i r s t  in v e s t ig a te d .  S p e c if ic  b in d in g  was u n a ffe c te d  when c e l l s  
w ere p r e - f ix e d  w ith  1Z PFA f o r  20 min (T ab le  I ) .
C e lls  w ere then  p r e - f ix e d  w ith  1Z PFA and in c u b a te d  w ith  in c re a s in g  
sapon in  c o n c e n tra tio n s  d u rin g  ^^I-ASOR b in d in g  a t  5°C. The r e s u l t s  a re  
shown in  F ig u re  1 w here i t  can  be seen  t h a t  maximal b in d in g  was o b ta in e d  
w ith  0 .3  mg/ml sapon in . In c lu s io n  o f  0 .3  mg/ml sap o n in  d u rin g  th e  
b in d in g  a s sa y  perform ed on p re - f ix e d  o r  u n fix e d  c e l l s  gave s im i la r  r e s u l t s  
(T ab le I ) .  S p e c if ic  b in d in g  to  p re - f ix e d  c e l l s  showed a  l i n e a r  depen­
dence on c e l l  c o n c e n tra tio n  (from  2 .5 -1 0  x  10^ c e l ls /m l)  in  th e  p resen ce  
o r  absence o f  0 .3  mg/ml sap o n in  (d a ta  n o t  shown), w hich allow ed us to  
use t h i s  a ssay  to  m easure b in d in g  a c t i v i t y  o v e r a range o f  c e l l  con­
c e n t r a t io n s .
The in c re a s e  in  s p e c i f i c  b in d in g  by sap o n in  o v e r  th a t  d e te c te d  in  
p re - f ix e d  c e l l s  v a r ie d  among p re p a ra tio n s  anywhere from  2-6 fo ld  (mean 
o f  13 experim en ts  =* 4 .2  ± 1 .1  (s ta n d a rd  d e v ia t io n ) ) .  We su sp e c ted  from 
e a r l i e r  work (C hapter I )  t h a t  th e  tim e and te m p era tu re  o f  in c u b a tio n  
a f t e r  c e l l  i s o la t io n  a f f e c te d  t h i s  r a t i o ;  however, i n  o u r e a r l i e r  s tu d y  
we had examined o n ly  s u r fa c e  b ind ing  a c t i v i t y .  The r e s u l t s  in  T ab le I I  
dem onstra te  ( in  c o n firm a tio n  o f  e a r l i e r  work) th a t  a  60 o r  90 min
81
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TABLE I  P re -F ix a t io n  W ith 1% Paraform aldehyde Has No E f fe c t  
on I-ASOR B ind ing  to  I s o la te d  H epatocy tes*
S p e c i f ic  B inding  _„
Number o f  ASOR M olecules P e r  C e ll (xlO )
C ond ition B ind ing  Assay Mean ± S.D . (N)
U n tre a te d - 0 .7 7  ± 0.30 (3)
P re -F ix ed - 0 .9 6  ± 0.20 (3)
U n tre a te d 0 .3  mg/ml saponin 2 .7  ± 0 .51 (3)
P re -F ix ed 0 .3  mg/ml saponin 3 .0  ± 0 .77 (3)
F re sh ly  i s o la te d  h ep a to cy te s  w ere m a in ta in ed  i n  KH-PVP-40 on ic e  
(u n tre a te d )  o r .p r e - f ix e d  w ith  1% PFA as  d e sc r ib e d  i n  M a te r ia ls  and 
Methods IIA . I-ASOR ( s . a .  9x10 -  1.4x10 cpm/pg) b in d in g  was
m easured a t  5 C as d e sc rib e d  i n  M a te r ia ls  and Methods IIA . Non­
s p e c i f i c  b in d in g  was 4-9 Z i n  s a p o n in - t re a te d  c e l l s  w ith  o r  w ith o u t 
p r i o r  p r e - f ix a t io n  and 9-282 i n  n o n -d e te rg e n t- t r e a te d  c e l l s .  Each 
d a ta  p o in t  r e p re s e n ts  th e  average o f  d u p lic a te  d e te rm in a tio n s .
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125F igure  1 . The e f f e c t  o f sapon in  on I-ASOR b ind ing  to  p re f ix e d  hepato ­
c y te s . I s o la te d  h ep a to cy te s  were p re - f ix e d  w ith  1% PFA and
125 6in cu b a ted  w ith  I-ASOR ( s . a .  9 .8x10 cpra/pg, 1 pg/m l) in
the  p resence  o r  absence o f sap o n in  f o r  2 h r  a t  5°C. Non­
s p e c i f i c  b in d in g  was a sse sse d  by th e  a d d itio n  o f  a  100- fo ld  
excess o f  u n lab e led  ASOR to  d u p lic a te  tu b es  a t  each  saponin  
c o n c e n tra tio n  and was 3-14%. Each d a ta  p o in t  re p re s e n ts  the 
average o f  d u p lic a te  d e te rm in a tio n s .
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recovery  p e r io d  a t  25°C d id  in c re a s e  b in d in g  a t  th e  c e l l  s u r f a c e ,  bu t
d id  n o t change th e  t o t a l  c e l l  b in d in g  a c t i v i t y  as  m easured by sapon in
p e rm e a b il iz a tio n . Thus, th e  r a t i o  o f  s u rfa c e  to  t o t a l  b in d in g a c t i v i t y
was in c re a s e d , su g g es tin g  r e d i s t r i b u t i o n  o f  ASGP re c e p to rs  from  in t e r n a l
s i t e s  to  th e  s u r fa c e .
C e lls  t h a t  were p r e - f ix e d  and p e rm e a b iliz e d  w ith  sap o n in  r e ta in e d
125enough c y to lo g ic a l  d e t a i l  f o r  an  in v e s t ig a t io n  o f  th e  lo c a t io n  o f  1-ASOR
b in d in g  s i t e s  by LM-ARG. (We a ls o  t r i e d  0 .1-0 .2%  d ig i to n in  and  0.05-0.2%
TX-100 and found much p o o re r  p re s e rv a t io n  o f  c e l l u l a r  d e t a i l . )  LM-ARG
125 oo f  i s o la te d  h e p a to c y te s  p r e - f ix e d  and in c u b a te d  w ith  I-ASOR a t  5 C 
in  th e  p resen ce  o r  absence o f  0 .3  mg/ml sapon in  p e rm itte d  us to  make 3 
q u a l i t a t iv e  o b se rv a tio n s : 1 ) th e  g r a in  d i s t r i b u t i o n  i n  c e l l s  p r e - f ix e d  
b u t n o t p e rm e ab ilized  was p redom inan tly  a t  th e  c e l l  p e r ip h e ry  (F ig u re  2 a );
2) p e rm e a b il iz a tio n  by sap o n in  b o th  in c re a se d  th e  number o f  g ra in s  
a s s o c ia te d  w ith  each c e l l  and  re v e a le d  i n t r a c e l l u l a r  b in d in g  s i t e s  th a t  
appeared in  b o th  th e  p e r in u c le a r  and p e r ip h e r a l  cytoplasm  (F ig u re  2 c ) ;  
and 3) b in d in g  a t  b o th  th e  s u r fa c e  and i n t e r n a l  s i t e s  was in h ib i te d  
by excess u n la b e le d  ASOR (F ig u re  2 b ) .
We n e x t examined th e  u l t r a s t r u c t u r e  o f  p r e - f ix e d  and p e rm e ab iliz ed  
h ep a to cy te s  (F ig u re  3 a ) . The s t r i k i n g  f e a tu r e s  o f  c e l l s  p re p a re d  in  
t h i s  way w ere: 1) a h ig h ly  v e s ic u la te d  G olg i-lysosom e re g io n ; 2) a 
d isco n tin u o u s  plasm a membrane w ith  lo s s  o f  in d iv id u a l  m i c r o v i l l i ,  y e t 
m aintenance o f  a  d i s c r e te  c e l l  b o rd e r; and 3) re co g n izab le  m ito ch o n d ria , 
rough endoplasm ic re tic u lu m  (RER), and n u c le i .  Because th e  i n t r a c e l l u l a r  
reg io n s  judged  to  p o sse ss  b in d in g  a c t i v i t y  by LM-ARG were e a s i l y  
id e n t i f i e d ,  we c a r r ie d  ou t a  q u a n t i t a t iv e  EM-ARG experim ent to  lo c a l iz e  
th e  ARC g ra in s  re p re se n tin g  fu n c t io n a l  ASGP r e c e p to r s .
In  t h i s  experim ent, b in d in g  was te rm in a te d  a t  2 h r ,  a t  w hich p o in t
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TABLE I I  The E f fe c t  o f  a  Recovery P e rio d  on th e  R a tio  o f S u rface  
to  T o ta l ASOR B ind ing  A c tiv ity *
Number o f  ASOR M olecules .
P e r  C e ll (xlO a ) S u r fa c e /T o ta l5*
E x p .  I
P re - f ix e d  0 .3 8  0 .19
P re - f ix e d ,  0 .3  mg/ml sap o n in  2 .0
60 min 25°C, th e n  p r e - f ix e d  0 .72  0 .36
60 raLn 25°C, p r e - f ix e d ,  s a p o n in  2 .0
Exp. I I §
P re - f ix e d  1 .3  0 .2 3
P re - f ix e d ,  0 .3  mg/ml sap o n in  5 .7
90 min 25°C, then  p r e - f ix e d  2 .3  0 .3 7
90 rain 25°C, p r e - f ix e d ,  sap o n in  6 .2
I s o la t e d  h e p a to c y te s  were m a in ta in ed  on ic e  o r  in c d b a ted  f o r  60 o r  
90 mLn a t  25°C in.KH-PVP-AO on a  ro ta ry  e v a p o ra to r  co n tin u o u sly  gassed  
w ith  95Z 02/ 5% CO2 . The c e l l s  w ere th e n  p r e - f ix e d  w ith  1 % PFA. E ig h t 
25 ml f la s k s  c o n ta in in g  5 ml c e l l s  (1x10^ c e l l s /m l)  in  KH-PVP-40 w ere 
p re c o o le d  in  a  5°C w a te r  b a th  w ith  g e n tle  o r b i t a l  shaking  f o r  15 m in. 
125i-aS0R ( s . a .  1 .1  and 1 . 2x10^ cpm/pg, 1 pg /m l) i n  the  p re se n c e  o r  
absence o f  0 .3  mg/ml sap o n in  was added f o r  th e  tim es in d ic a te d .  Non­
s p e c i f i c  b in d in g  was a s s e s se d  fo r  each  c o n d itio n  by th e  a d d i t io n  o f  
a  1 0 0 -fo ld  ex cess  o f  u n la b e le d  ASOR and was 6 -1 AZ. Each d a ta  p o in t  
r e p re s e n ts  th e  average o f  d u p lic a te  d e te rm in a tio n s .
The mean change i n  s u r fa c e  re c e p to rs  a f t e r  a  reco v e ry  p e r io d  i n  
3 experim en ts was a  2 .1 - f o ld  in c re a s e  ( s .d .  = 0 .A ). There was no 
change i n  t o t a l  c e l l  re c e p to rs  a f t e r  a  reco v e ry  p e r io d , 1 .0  ( s . d .  0 .05)
i
2 h r  b in d in g , f o r  m orphology. 
A h r  b in d in g .
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F ig u re  2 LM-ARG o f  s e q u e n tia l ly  p re - f ix e d  and p erm eab ilized  h ep a to cy te s
Q
exposed to  I-ASOR a t  5 C. I s o la te d  h ep a to cy te s  were p re ­
f ix e d  w ith  1% PFA and in cu b a ted  w ith  ^"*I-AS0R ( s .a .  9.4x10** 
cpm/pg, 1 pg/m l) in  th e  p resence (2b and 2c) o r  absence ( 2a) 
o f  0 .3  mg/mL saponin  f o r  2 h r  a t  5°C. N o n sp ec ific  b in d in g  
was a s se s se d  by th e  a d d i t io n  o f a 100- f o ld  excess  o f  u n la b e led
4
ASOR (2 b ) . U nfixed h ep a to cy te s  bound 6.4x10 ASOR m olecules 
p e r  c e l l .  The c e l l s  w ere p rocessed  fo r  LM-ARG as d e sc rib e d  
in  M a te r ia ls  and Methods IIIA . a) p re - f ix e d  h e p a to c y te s .
8x10^ ASOR re c e p to rs  p e r  c e l l .  Bar, 10 pm (x480). b) p re ­
f ix e d  and p e rm e ab iliz ed  hepatocy tes exposed to  ex cess  u n la b e led  
ASOR. N o n sp ec ific  b in d in g  was 5%. c) p re - f ix e d  and perm eabi­
l i z e d  h e p a to c y te s . 3.1x10"* ASOR re c e p to rs  p e r  c e l l .
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1 .2  x  105 s u r fa c e  r e c e p to r s  w ere d e te c te d  i n  p r e - f ix e d  c e l l s ;  and a  3- f o l d  
in c re a s e  was measured when saponin  was in c lu d e d . T ab le  XXX c o n ta in s  a 
summary o f  th e  q u a n t i t a t iv e  a n a ly s is  a f t e r  th e  c e l l s  w ere p ro cessed  f o r  
EM-ARG. For p re - f ix e d  c e l l s ,  45Z o f  th e  g r a in s  w ere found on th e  plasm a 
membrane and 44Z i n  a  band o f  cytoplasm  1600 nm (8  h a l f  d is ta n c e s )  d eep er 
in to  th e  c e l l .  T h is  a p p a re n tly  la rg e  number o f  i n t r a c e l l u l a r  g ra in s  
i n  n o n -p e n a e a b iliz e d  c e l l s  has 2 p o s s ib le  e x p la n a tio n s . F i r s t ,  th e  
p lasm a membrane s u r fa c e  i s  composed o f  m ic r o v i l l i  whose a r c h i te c tu r e  i s  
la r g e ly  l o s t  in  s a p o n in - t re a te d  c e l l s .  T h e re fo re , we a r b i t r a r i l y  chose 
to  o u t l in e  th e  o u te r  c e l l  b o rd e r  r a th e r  th a n  s e le c t  a  m ic r o v i l la r  band 
a s  in  C hap ter I .  Thus f o r  p re - f ix e d  c e l l s ,  th e  plasm a membrane com part­
ment (800 nm wide) p ro b ab ly  m isses  th e  b a se s  o f  th e  l a r g e r  m ic r o v i l l i .
T h is  e x p la n a tio n  i s  su p p o rte d  by su b d iv id in g  th e  p e r ip h e ra l  cy toplasm  
in to  4 e q u a l bands (200 nm e a c h ). For p r e - f ix e d  c e l l s ,  th e  peak g ra in  
count ap p ea rs  in  th e  f i r s t  200 nm (2 h a l f  d is ta n c e s )  and makes up 51Z 
o f  th e  p e r ip h e ra l  cy to p la sm ic  g ra in s  ( d a ta  n o t  shown). A second p o s s ib le  
e x p la n a tio n  f o r  th e  la r g e  f r a c t io n  o f  g r a in s  in  th e  p e r ip h e ra l  cytoplasm  
may be due to  p e n e tra t io n  o f  lig a n d  in to  " le a k y "  c e l l s ,  s in c e  p re ­
f ix a t io n  re le a s e d  14Z (mean o f  3, s .d .  ■ 18) o f  c e l l u l a r  LDH a c t i v i t y .
When p e rm e ab ilized  c e l l s  were an a ly se d , th e  number o f  i n t r a c e l l u l a r  
g ra in s  in c re a se d  d r a m a tic a l ly . Now 94% o f  th e  g ra in s  w ere lo c a te d  in s id e
th e  c e l l .  Saponin d ec re a se d  s l i g h t l y  th e  a b so lu te  d e n s ity  o f  g ra in s
2
a s s o c ia te d  w ith  th e  p lasm a membrane from  0 .3 3  to  0 .24  g ra in s  p e r  pm .
However, th e  p e r ip h e ra l  cy top lasm  g ra in  d e n s ity  in c re a se d  4 .4  fo ld  from
2
0 .17  to  0 .75  g ra in s  p e r  pm . Two o th e r  com partments showed even more
d ram a tic  changes -  th e  rem ain ing  cy toplasm  in c re a se d  from 0.019 to  0.22  
2
g ra in s  p e r  pm (10 fo ld )  and th e  G olg i-lysosom e re g io n  from  0 .018 to  
0 .40  (20 f o ld ) .  R e la tiv e  g ra in  d e n s ity  (Z g r a in s /% a re a )  was computed to
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F ig u re  3 EM-ARG o f  s e q u e n t ia l ly  p re - f ix e d  and p erm eab ilized  h ep a to -
125 ocy tes  exposed to  I-ASOR a t  5 C. (a) I s o la te d  h ep a to cy te s  
were p re - f ix e d  w ith  1% PFA, perm eab ilized  w ith  0 .3  mg/ml 
sapon in , and p ro cessed  f o r  e le c tro n  m icroscopy. A c ro s s -  
s e c tio n  o f  a  ty p ic a l  c e l l  i s  d iv id ed  in to  th e  6 compartments 
chosen f o r  a n a ly s is  a s  describ ed  in  M a te ria ls  and Methods 
I I IB . PM = plasm a membrane. PC = p e r ip h e ra l  cytoplasm .
C = cy toplasm . M = m ito ch o n d ria . GL = G olgi-lysosom e re g io n . 
N = n u c le u s . B ar, 10 pm (x6880) . (b) The h igh ly  v e s ic u la te d  
GL reg io n  o f  a  c e l l  p ro cessed  fo r  EM-ARG as describ ed  in  
Table I I I .  A c o n c e n tra tio n  o f  ARG g ra in s  re p re se n tin g  ASOR 
b in d in g  s i t e s  was observed  in  th e  GL reg io n . Bar, 10 pm 
(x l3 8 2 5 ).
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TABLE I I I  EM-ARG o f 125I-ASQR Binding to Prefixed and Saponln-Permeabllieed Cells*
C ell Compartments^
Plasma P eriph era l G olgl- 
Membrane Cytoplasm Cytoplasm Mitochondria Lysosome Nuclei
P refixed  * 52 53
number of g ra ins 
12 2 3 0
P refixed ,
II
+S 29 181 175 22 49 22
P refixed , +s, c1 1 3 12 2 1 0
Prefixed 0.33 0.17
g ra in s  per pm2 
0.019 0.0040 0.018 0 .0
Prefixed , +s 0.24 0.75 0.22 0.0080 0.40 0.080
Prefixed , + s, c 0.0083 0.012 0.021 0.0035 0.0040 0.013
Prefixed 5.2 2.8
Zgralns/Zarea
0.30 0.061 0.29 0 .0
Prefixed , +s • 1.1 3.4 1.0 0.16 1.8 0.4
- o
125 7
Freshly  Iso la te d  hepatocytes were p refixed  In IX PFA as described In M ateria ls and Methods IIA. I-ASOR ( s .a ,  2x10 
cpm/pg) binding was measured In  the  presence and absence of 0 .3  mg/ml saponin. C ell a liq u o ts  (d u p lica te s)  were processed 
a t  2 hr a t  which time prefixed  c e l l s  bound 1.2x10 ASOR molecules per c e l l  (nonspecific  binding was 11Z). Saponin- 
tre a te d  c e l l s  bound 3.7x10 ASOR molecules per c e l l  (nonspecific  binding was 6Z).
The c e l l  was d ivided In to  6 compartments fo r an a ly s is  as described  In M ateria ls and Methods I1IB.
Prefixed  “ P refixed  c e l l s ,  6 c e l l s  were analysed; 121 g ra in s  were counted.
P refixed , +S ■ P refixed  and sapon in -trea ted  c e l l s .  5 c e l l s  were analysed. 478 g ra ins were counted.
P refixed , +S, C " co n tro l ■ p re fix ed , sap on in -trea ted  c e l l s  Incubated w ith a 100-fold excess of unlabeled  ASOR during 
the  binding assay . 6 c e l ls  were analysed. 21 g ra ins were counted.
t o
i d e n t i f y  compartments w ith in  a  s in g le  ex p erim en ta l c o n d itio n  where th e  
l ig a n d  was co n c e n tra te d  ( i . e . ,  r a t i o  > 1 ) .  As was ex p ec ted , sap o n in - 
t r e a te d  c e l l s  showed a c o n c e n tra tio n  in  th e  plasm a membrane, p e r ip h e ra l  
cytoplasm , and th e  G olg i-lysosom e reg io n .
F ig u re  3b i s  a  h ig h  power e le c tro n  m icrograph o f th e  appearance o f  
a  p e rm e a b iliz e d  G olg i-lysosom e re g io n  i n  th e  above experim en t. The 
h ig h ly  v e s ic u la te d  n a tu re  o f  th i s  a re a  p rev en ted  i d e n t i f i c a t i o n  o f  
G olg i e lem en ts  and v e s ic le s .  Because o f  th e  c o n c e n tra tio n  o f  ra d io ­
a c t i v i t y  in  th e  G olgi-lysosom e reg io n , plasm a membrane, and p e r ip h e ra l  
cy toplasm , an  a l t e r n a t e  f ix a t io n  and p e rm e a b il iz a t io n  p ro to c o l  was 
sought to  a f f o r d  b e t t e r  p re s e rv a t io n  o f th e se  o rg a n e lle s  and th e  plasm a 
membrane.
A com bination o f  2% PFA, 0.01% GA, and 0 .5  mg/ml sap o n in  in  0 .1  M
phosphate , pH 7 .4  added s im u ltan eo u sly  to  c e l l  su sp en sio n s a t  5°C f o r
30 min a f fo rd e d  b o th  b e t t e r  u l t r a s t r u c t u r a l  r e s o lu t io n  and a  2 .7  fo ld  ±
1250 .55  (mean o f  3) in c re a s e  in  s p e c i f ic  I-ASOR b in d in g  o v er un fix ed
125c e l l s .  The in c lu s io n  o f  sap o n in  d u rin g  I-ASOR b in d in g  d ec reased  b in d in g
s l i g h t l y  and th u s  was n o t  u sed . The o p tim a l sapon in  c o n c e n tra tio n
125(0 .5  mg/ml) was chosen by m easuring  I-ASOR b ind ing  a f t e r  f ix a t io n  w ith  
sap o n in  c o n c e n tra tio n s  from 0 .05  to  1 .0  mg/ml (d a ta  n o t show n). The
op tim al g lu ta ra ld e h y d e  c o n c e n tra tio n  was determ ined  by f in d in g  a concen-
125t r a t i o n  in  com bination w ith  2% PFA which d id  n o t a f f e c t  I-ASOR b in d in g  
to  c e l l s  a t  5°C.
An experim en t was perform ed in  which u n fix ed , f ix e d , and f ix e d -
125p e rm e ab ilized  c e l l s  w ere in c u b a ted  w ith  I-ASOR fo r  2 h r  and th en  p ro ­
cessed  f o r  EM-ARG. An eq u a l number o f  s u r fa c e  ASOR re c e p to rs  (1 .3  x 10^
p e r  c e l l )  w ere d e te c te d  i n  f ix e d  and u n fix ed  c e l l s .  Saponin in c re a se d  
* 5t h i s  number to  2 .8  x  10 p e r  c e l l .  The u l t r a s t r u c t u r a l  appearance o f  a
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f ix e d —p erm e ab ilized  c e l l  a f t e r  p ro c e s s in g  f o r  EM—ARG i s  shown in  F ig u re  4a. 
The m ic r o v i l l i  o f  th e  plasm a membrane w ere la rg e ly  i n t a c t .  Rough endo­
p la sm ic  re tic u lu m , cy to p lasm ic  v e s ic le s ,  s ta c k s  o f  G olg l c i s t e r n a e ,  
and lysosom es w ere e a s i l y  i d e n t i f i e d .  Q u a l i t a t iv e ly ,  in  f ix e d  (no 
sap o n in  exposure) c e l l s ,  th e  m a jo r ity  o f  g r a in s  w ere randomly d i s t r i ­
b u te d  a long  th e  plasm a membrane. F or f ix e d -p e rm e a b iliz e d  c e l l s ,  g ra in s  
w ere found s c a t t e r e d  along  th e  plasm a membrane and co n c e n tra te d  w ith in  
th e  f i r s t  2000 nm in s id e  th e  c e l l .  Lysosomes, m ito ch o n d ria , and n u c le i  
w ere n o t s ig n i f i c a n t l y  la b e le d .  G rains w ere o b served  i n  th e  cy top lasm  
betw een m ito ch o n d ria , th roughou t th e  c e l l .  T here was a  c o n c e n tra tio n  
o f  g ra in s  o v e rly in g  b o th  G olg i complexes and th e  su rro u n d in g  cy top lasm  
(w ith in  2000 nm) (F ig u re  4 a ) .
The r e s u l t s  o f  o u r q u a n t i ta t io n  'a r e  p re s e n te d  i n  T able IV . The 
p lasm a membrane compartment (now e a s i ly  i d e n t i f i e d  and th u s  d e f in e d  as 
a  m ic r o v i l i a r  band) accounted  f o r  83% o f  th e  g ra in s  i n  f ix e d  c e l l s .
I n c lu s io n  o f  sap o n in  r e s u l t e d  i n  a  5 .3  f o ld  in c re a s e  i n  th e  number o f  
ARG g ra in s  d e te c te d  p e r  c e l l  o f  which on ly  29% w ere now a s s o c ia te d  
w ith  th e  p lasm a membrane. F urtherm ore , th e  in c lu s io n  o f  sap o n in  i n  th e  
f i x a t i v e  le d  to  a  s t a t i s t i c a l l y  s ig n i f i c a n t  in c re a s e  i n  a b so lu te  g ra in
d e n s ity  in  th e  fo llo w in g  com partm ents: 1) p e r ip h e r a l  cy toplasm  -  10- f o ld ,
2p < 0 .0 1 ; 2) G olgi complex -  from 0 .00  to  0 .48  g ra in s/p m  , p < 0 .0 5 ;
9
3) m ito ch o n d ria  -  1 0 - fo ld , however th e  d e n s ity  i s  low 0.033 g ra in s /p m  ,
and p ro b ab ly  r e f l e c t s  background la b e l in g ,  p < 0 .0 5 ; 4) cy toplasm  -  30-
f o ld ,  p < 0 .0 ; and 5) G o lg i- r e la te d  cytoplasm  -  from 0.00 to  0 .6 1  g ra in s  
2p e r  pm , p < 0 .0 2 . The r e l a t i v e  g ra in  d e n s ity  was s t a t i s t i c a l l y  d i f f e r e n t  
betw een: 1) plasm a membrane o r  p e r ip h e ra l  cy top lasm  and m ito ch o n d ria ;
2) p lasm a membrane  o r  G o lg i- r e la te d  cy toplasm  and cytoplasm ; and 3) lysosom es 
and G o lg i. T his d a ta  in d ic a te s  th a t  th e  ASGP re c e p to r  i s  c o n c e n tra te d  in
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F ig u re  4 EM-ARG o f s im u ltan eo u sly  f ix e d  and perm eab ilized  hepa to cy tes
i  o r  _
exposed to  I-ASOR f o r  2 h r  a t  5 C. EM-ARG was perform ed
w ith  i s o la te d  h ep a to cy te s  th a t  were s im u ltan eo u sly  fix ed
and p erm eab ilized  as  d esc rib e d  in  M a te ria ls  and Methods IIB ,
125and th en  in c u b a te d  w ith  I-ASOR as d esc rib ed  in  Table IV.
(a) A c ro s s - s e c t io n  o f a ty p ic a l  sim u ltaneously  f ix e d  and 
p erm eab ilized  c e l l  i s  d iv id ed  in to  the  8 compartments 
chosen fo r  q u a n t i t a t iv e  a n a ly s is  as d escrib ed  in  M ate ria ls  
and Methods I I IC . PM = plasma menfarane. PC = p e r ip h e ra l  cy to ­
plasm . C = cy to p lasm . M = m itochondria . G «* Golgi complex. 
GRC « G o lg i- r e la te d  cytoplasm . L = lysosom e. N = nucleus 
(x5250). (b) and (c )  High power e le c tro n  m icrographs o f
th e  G olg i reg io n s  from 2 d i f f e r e n t  c e l l s  (b ) .  ARG g ra in s  
are  found over v e s ic l e s  on th e  tra n s  s id e  o f th e  G olgi complex. 
Bar, 0 .1  pm (x38000). (c) ARG g ra in s  a re  found over G olgi
c is te rn a e ,  v e s ic l e s  on th e  t r a n s  face o f  the  G olgi complex, 
and v e s ic le s  in  th e  GRC. (x38000).
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TABLE IV EH-ARG o f
125.I-ASOR Binding to  Hepatocytes Perm eabilized w ith*






Cytoplasm Lysosomes Golgi Mitochondria Nuclei Cytoplasm
G olg i-re la ted
Cytoplasm
Fixed J
number of g ra ins
57 7 0 0 1 3 1 0
Fixed/Perm. 108 96 4 13 18 3 97 30
Fixed/Ferm., C* 1 4 0 0 0 2 0 0
Fixed
* *0.20 ° - 0 2 1 4 +
0. 2!
„  * *0.0
g ra in s  per pm^











o . e r *Fixed/Perm.
* *
0.28 0.064** 0.0080**
Fixed/Perm., C 0.0053 0.014 0.0 0.0
Z gralns/Zarea




















° ’° t #
4 .9++*
Freshly iso la te d  
M ateria ls  and Methods
hepatocytes.w ere sim ultaneously fixed  in  PFA, GA, 
 IID . I-ASOR ( s .a .  lxlO7 cpo/ug, 0.4 pg/0






4 ml assay volume) blnding.w as measured fo r  2 hr a t  ' 
and c e l l  a liq u o ts  were processed fo r  EM-ARG. Binding data  (d u p lica te s))  Unfixed c e l ls  1.3x10 ASOR molecules per c e l l ;  
c e l l s  1.3x10* per c e l l ;  flxed/perm eabllized  c e l l s  2.8x10^ per c e l l .  N onspecific binding was 11Z.
The c e l l  was d ivided in to  8 compartments as  described in  M ateria ls and Methods I1IC.
Fixed -  Fixed c e l l s .  7 c e l ls  were analysed. 69 g ra ins were counted.
Fixed/Perm. -  Simultaneously fixed and perm eabilized c e l l s .  11 c e l l s  were onalysed. 369 g ra ins were counted.
Fixed/Perm ., C “ C ontrol -  Simultaneously fixed  and perm eabilized c e l ls  Incubated w ith a 100-fold excess o f unlabeled ASOR 
during the binding assay . 7 c e l ls  were analysed. 7 g rains were counted.
p > 0 .05 , unpaired t  t e s t .
p < 0 .05 , unp a ired t  t e s t .
M M ■ ■  * * *  1 1 1 .
* * ’ The re la t iv e  g ra in  density  in  two compartments w ith the same symbol were compared by the p aired  t  t e s t
and the  d iffe rence  found to  be s ig n if ic a n t to  a p < 0 .05 . Comparisons w ith 0.05 < p < 0.10 were plasma membrane vs. 
p e rip h era l cytoplasm, p eriph era l cytoplasm vs. lysosomes, plasma membrane v s. lysosomes. Comparisons w ith  p < 0 .3  
were p eriph era l cytoplasm v s . remaining cytoplasm.
] 3 6
*
' p lasm a membrane, p e r ip h e ra l  cy top lasm , th e  G olg i conplex , and cy top lasm
im m ediately  su rro u n d in g  th e  G o lg i, b u t  n o t i n  lysosom es, n u c le i  o r  
m ito ch o n d ria . The rem ain ing  cy top lasm  compartment accoun ted  f o r  26% 
o f g ra in s  in  s a p o n in - t re a te d  c e l l s  as  w e ll  as a  3 0 -fo ld  in c re a s e  i n  
i a b s o lu te  g ra in  d e n s ity  o v e r f ix e d  c e l l s ,  y e t  because i t  was la rg e
(29% o f  th e  a r e a ) ,  th e  g r a in s  were n o t  s ig n i f i c a n t l y  c o n c e n tra te d . Thus, 
w ith  th e  in c re a s e d  r e s o lu t io n  g iv en  by s im u ltaneous f ix a t io n  and 
p e rm e a b il iz a t io n , we w ere a b le  to  id e n t i f y  com partments c o n ta in in g  
fu n c t io n a l  ASGP re c e p to r s .
We w ere aware t h a t  th e  f ix a t io n  and p e rm e a b il iz a t io n  te c h n iq u e s
used  to  m o rp h o lo g ica lly  and q u a n t i t a t iv e l y  id e n t i f y  ASOR re c e p to r s  m ight
be d e te c t in g  o n ly  a  f r a c t io n  o f  th e  t o t a l  b in d in g  a c t i v i t y  i n  th e  c e l l
f o r  th e  fo llo w in g  re a so n s : 1) b in d in g  was te rm in a te d  a t  2 h r  to  op tim ize
morphology, however 4 h r  a r e  n e c e ssa ry  f o r  com plete s a tu r a t io n  (C h ap te r I )
2) g a la c to s e - te rm in a tin g  serum g ly c o p ro te in s  may b in d  to  re c e p to rs  in
v iv o  and d u rin g  c o lla g e n a se  d i s s o c ia t io n  and th u s  "mask" th e se  re c e p to rs
i n  v i t r o ;  and 3) p e rm e a b il iz a t io n  may n o t  b e  a s  e f f e c t iv e  as com plete
d e te rg e n t s o lu b i l i z a t i o n  f o r  maximal r e c e p to r - l ig a n d  i n t e r a c t io n s .  To
125ad d ress  th e  l a s t  2 p o s s i b i l i t i e s ,  we m easured I-ASOR b in d in g  a f t e r  
EGTA tre a tm e n t o f  i s o l a t e d  h e p a to c y te s  ( to  re v e a l  occu p ied  s u r fa c e  
r e c e p to r s ) ,  i n  T X -1 0 0 -so lu b ilized  c e l l s  ( to  o b ta in  th e  number o f  t o t a l  
c e l l  r e c e p to r s ) , and i n  a  m o d ified  assay  th a t  in c lu d e d  EGTA d u rin g  
TX-100 s o lu b i l i z a t io n  ( to  d is s o c ia te  p rev io u s ly -b o u n d  lig a n d  from  a l l  
r e c e p to r s ) .  T able V summarizes o u r r e s u l t s .  When i s o l a t e d  h e p a to c y te s  
(4 d i f f e r e n t  c e l l  p re p a ra t io n s )  w ere washed w ith  5 mM EGTA a t  5°C fo r  
5 min, a  s iz e a b le  f r a c t io n  o f  occup ied  s u r fa c e  ASOR re c e p to rs  was 
re v e a le d . F i f t y  p e rc e n t o f  s u r fa c e  re c e p to rs  (o r  1 .3  x  10^ p e r  c e l l )  
w ere "unmasked". A s m a lle r  p e rc e n ta g e  o f  "masked" re c e p to rs  i n  th e  •
J


















TABLE V The E ffec t of EGTA on C ell Surface and Total C ell ASGP Receptors*
Number of ASOR Molecules + Number of Receptors Per Coll
Condition Bound Per C ell (x!0~3) Mean t  S.D. (N) '^nmaslced" by EGTA (xlO ) *
1. Surface Binding* 5°C:
Pretreatm ent + Ca** 1,35 i  0.69 (4)
P re trea to en t w ith EGTA 2.61 ± 0.90 (4) 1.26




Freshly Iso la ted  hepatocytes were suspended In KH-PVP-40 a t  5 C. A llquota o f th e .c e l l  suspension (5x10 c e l ls )
were placed In t e s t  tubes and Incubated In  e ith e r  K1I-PVP-40 (pretreatm ent w ith Ca ) o r 5 mM EGTA/K1I-PVP-40 (p re -
treatm ent w ith EGTA) fo r  5 min on Ic e . The c e l ls  were then rinsed  tw ice by sedim entation and resuspension In  1 ml
¥25PVP_^ '  **** c e l l s  used In the t o t a l  recep to r binding assays were p re trc a te d  w ith KH-PVP-40 and then so lu b iliz e d .
I-ASOR binding assays were performed as  described In Chapter 1 fo r  su rface  binding and as described In  M aterials
and Methods IIC and 1ID fo r  the  t o ta l  c e l lu la r  recep to r assays.
^  Nonspecific binding ranged from 2-121.
j XI
These values rep resen t th e 'd if fe re n c e  between s p e c if ic  binding a f t e r  EGTA and Ca p re treatm en ts fo r e i th e r  
su rface (#1) o r  to ta l  (#2) binding.
8.40 t  2 .9 (4) 




s o lu b i l iz e d  r e c e p to r  a ssay  was re v e a le d  by EGTA (17Z ), however th e  
a b s o lu te  number o f  re c e p to rs  unmasked p e r  c e l l  was e q u iv a le n t  to  the  
number re v e a le d  i n  f r e s h ly  i s o la t e d  c e l l s .  F in a l ly ,  abou t 30% o f 
t o t a l  (TX-100) ASGP re c e p to rs  re s id e d  on th e  s u r fa c e .
I t  was now p o s s ib le  to  compare th e  ab so lu te  nunbers o f  ASOR rece p ­
to r s  d e te c te d  on th e  c e l l  s u r fa c e , a f t e r  sapon in  p e rm e a b il iz a t io n , and 
i n  TX-100- and EG TA -TX -100-solubilized c e l l s .  T able VI i s  a  summary o f  
d a ta  c o l le c te d  from  o v er 7 d i f f e r e n t  c e l l  p r e p a ra t io n s .  F resh ly  i s o l a t e d
5
c e l l s  (u n tre a te d )  bound 1 .35 (± 0 .52 ) x  10 ASOR m olecu les p e r  c e l l  a t  
5°C. Saponin (0 .3  mg/ml) in c re a s e d  t h i s  number 2 .7  f o ld .  I f  t o t a l  
r e c e p to rs  a re  a r b i t r a r i l y  d e fin e d  as  th e  TX-100 s o lu b i l i z e d  f r a c t io n ,  
th e n  sap o n in  d e te c te d  42% o f  th e s e .  F in a l ly ,  th e  EGTA/TX-100 assay  
unmasked 19% o f  th e  t o t a l  r e c e p to r s .  C e lls  from  th e  EM-ARG experim ent 
perform ed on s im u ltan e o u sly  f ix e d  and p e rm e ab ilized  c e l l s  were a lso  
an a ly se d  f o r  t o t a l  r e c e p to r  b in d in g . The p e rm e a b iliz e d  c e l l s  bound 42% 
o f  th e  amount m easured a f t e r  TX-100 s o lu b i l i z a t io n  (6 .7  x  10"’ ASOR 
m olecu les p e r  c e l l ) . In  t h i s  experim ent 17% o f t o t a l  c e l l u l a r  re c e p to rs  
w ere masked (7 .9  x  10"* ASOR m olecu les p e r  c e l l  w ith  th e  EGTA/TX-100 
a ssa y )  and th u s  u n a v a ila b le  f o r  d e te c t io n  by EM-ARG.
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TABLE VI A Comparison o f  th e  E f f e c t  o f  Saponin , TX-100, and EGTA/TX-100 
125on I-ASOR B ind ing  to  I s o la te d  H epatocy tes*
Nunfcer o f  ASOR M olecules P e r  C e ll^
C o n d itio n (x l0 “ 5) Mean ± S •D. (N) Z T o ta l
KH-PVP-40 5 1 .35  ± 0 .52 (12) 16
Saponin" 3 .63  ± 1 .0 ( 7) 42
TX-10011 8.65 ± 2 .5 ( 8) 100
EGTA/TX-100** 1 0 .3  ± 2 .5 ( 8) 119
* 6 F resh ly  i s o la te d  h e p a to c y te s  w ere suspended i n  KH-PVP-40 a t  1 -1 .2x10
c e l l s  p e r  ml and m a in ta in ed  a t  5 C f o r  a t  l e a s t  30 mLn b e fo re
measurement o f  125i - aS0R b in d in g .
^ N o n sp e c ific  b in d in g  was 2-15Z .
§
S urface  b in d in g  was m easured a s  d e sc rib e d  i n  C hap ter I .
I t
Saponin (0 .3  mg/ml) was in c lu d e d  d u rin g  th e  b in d in g  assay  as  d e sc r ib e d  
i n  M a te r ia ls  and Methods IIA .
H
The s o lu b i l iz e d  r e c e p to r  a s sa y  was perform ed as  d e sc rib e d  i n  M a te r ia ls  
and Methods I IC .
The m odified  s o lu b i l iz e d  r e c e p to r  assay  to  unmask a l l  b in d in g  s i t e s  
was perform ed as  d e sc r ib e d  in  M a te r ia ls  and Methods IID .
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C hapter I I  
DISCUSSION
F ix a t io n /P e n n e a b il iz a t io n  o f  H epatocy tes R eveals a  C o n cen tra tio n  o f 
125 I-ASOR B inding S i te s  in  Plasm a Membrane, P e r ip h e ra l  Cytoplasm, G olgi
Complex, and G o lg i-R e la ted  Cytoplasm
In  t h i s  s tu d y , 2 p e rm e a b il iz a tio n  p ro to c o ls  fo r  i s o l a t e d  h e p a to c y te s
125a re  d e sc r ib e d  in  w hich i n t r a c e l l u l a r  I-ASOR b in d in g  s i t e s  were d e te c te d
rad io c h em ica lly  and v is u a l iz e d  by LM- and EM-ARG. The f i r s t  method -  a
paraform aldehyde p r e - f ix a t io n  fo llow ed  by tre a tm e n t w ith  sapon in  d u rin g  
125exposure to  I-ASOR -  re v e a le d  a  c o n c e n tra tio n  o f  b in d in g  a c t iv i t y  i n  
th e  plasm a membrane, p e r ip h e ra l  cy toplasm , and G olg i-lysosom e a re a .
D evreotes and Pant rough (79) m easured an i n t r a c e l l u l a r  p o o l o f  a c e ty l­
ch o lin e  re c e p to rs  by f i r s t  s a tu r a t in g  th e  ch ick  rayotube c e l l  w ith  a-bungaro- 
to x in  and th e n  m easuring  re c e p to rs  fo llo w in g  a 1% TX-100 e x t r a c t .
Saponin has  been used  by o th e r  in v e s t ig a to r s  to  in c re a s e  th e  p e rm e a b ility  
o f  g lu ta ra ld e h y d e  o r  p a ra fo rm ald eh y d e -fix ed  c e l l s  to  f e r r i t i n  (8 0 ), and 
we found i t  to  s u c c e s s fu lly  p e rm e ab ilize  plasm a membrane, cy top lasm ic  
v e s ic le s ,  m ito ch o n d ria  (su sp e c te d  by in c re a s e d  b in d in g ) , the  G o lg i- 
lysosome re g io n , and n u c le i  ( in c re a s e d  background). S in ce  t h i s  l i g h t  
p r e - f ix a t io n  fo llow ed  by saponin  exposure caused a  v e s ic u la t io n  o f 
plasm a membrane, cytoplasm , and G olgi-lysosom e a re a s ,  we con tinued  to  
look  f o r  a  b e t t e r  f ix a t io n .  The second method -  a s im u ltan eo u s f ix a t io n
w ith  a  com bination o f PFA, GA, and p e rm e a b iliz a tio n  w ith  saponin
125accom plished  t h i s .  We observed  a  c o n c e n tra tio n  o f  I-ASOR b in d in g
%
s i t e s  i n  th e  plasm a menbrane, p e r ip h e ra l  cytoplasm , G o lg i conplex, and 
G o lg i- r e la te d  cy toplasm . O ther f ix a t io n -p e rm e a b il iz a t io n  methods 
which r e q u ire  c r i t i c a l  tim in g  and pH ad ju stm en ts  (81, 82) have been 
re p o r te d  to  be u s e fu l f o r  th e  p e n e tr a t io n  o f  m acrom olecular t r a c e r s .
101
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U lt r a th in  fro zen  s e c t io n s  have a id ed  th e  im m uno-electron  m icro sco p ic  
l o c a l i z a t i o n  o f  i n t r a c e l l u l a r  a n tig e n s  (8 3 ) . The sim u ltan eo u s f i x a t io n /  
p e rm e a b il iz a t io n  p ro to c o l  d e sc rib e d  h e re  h as  th e  advantage o f  b e in g  
q u ic k , s im p le , and e a sy  to  ap p ly , as w e ll  a s  o f  p re s e rv in g  u l t r a s t r u c ­
t u r a l  d e t a i l .
I n  o u r experim en ts 34% o f  th e  i n t r a c e l l u l a r  b in d in g  a c t i v i t y  was i n  
th e  p e r ip h e r a l  cy top lasm , 5% in  th e  G o lg i, 11% in  th e  cytoplasm  around 
th e  G o lg i, and 37% i n  th e  rem ain ing  cy top lasm . We b e l ie v e  we a re  
lo o k in g  a t  a  s in g le  c la s s  o f  h ig h  a f f i n i t y  s i t e s  because  S ca tch ard  
a n a ly s i s  o f  th e  b in d in g  d a ta  y ie ld s  a  s t r a i g h t  l i n e  w ith  = 2 nM 
(See C hap ter I I I ,  p . 113 and r e f .  2 8 ) . Could th e se  b in d in g  s i t e s  be 
r e l a t e d  to  th e  s i t e s  o f  ASGP uptake and m etabolism ? W all and Hubbard 
(9) i d e n t i f i e d  3 p re -ly so so m a l com partm ents w hich accum ulate  l ig a n d :
1) ty p e  I  endosomes lo c a te d  n e a r  th e  s in u s o id a l  f r o n t  and composed o f  
smooth membrane tu b u le s  and v e s ic le s  g r e a te r  th an  0 .2  pm i n  d iam ete r;
2) ty p e  I I  endosomes s im i l a r  m o rp h o lo g ica lly  to  type I  b u t  lo c a te d  around
b i l e  c a n a l ic u l i  in  th e  G olg i-lysosom e re g io n ; and 3) ty p e  I I I  endosomes
found i n  th e  G olg i-lysosom e reg io n  and d is t in g u is h e d  by la rg e  (0 .2 -0 .5  pm)
v e s i c l e s  th a t  c o n ta in  s m a lle r  v e s ic le s  and l i p i d  p a r t i c l e s .  These
endosome s t ru c tu re s  a r e  found in  re g io n s  in c lu d e d  i n  th e  p e r ip h e ra l
cy to p lasm  (type I )  and G o lg i- r e la te d  cy toplasm  (ty p e s  I I  and I I I )  com part-
125m ents o f  ou r s tu d y . I-ASOR b in d in g  a c t i v i t y  has been  d e te c te d  i n  a 
s u b c e l lu la r  f r a c t io n  w ith  th e  d e n s ity  o f  endosomes ( id e n t i f i e d  by th e  
p o s i t i o n  o f  s e q u e s te re d  lig a n d  in  a  s u c ro se  g ra d ie n t)  and can be 
s h i f t e d  by d ig i to n in  ( i . e . ,  c h o le s te ro l- c o n ta in in g  com partm ents) to  th e  
same e x te n t  as l ig a n d -c o n ta in in g  o rg a n e l le s  (2 7 ). The im m uno-electron 
m ic ro sc o p ic  v i s u a l iz a t io n  o f  lig a n d  and re c e p to r  by Geuze e t  a l  (33) 
f in d s  b o th  in  a tu b u lo v e s ic u la r  o rg a n e lle  (CURL) w ith  th e  m orpho log ical
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c h a r a c te r i s t i c s  o f  endosome I I I ,  b u t on ly  r e c e p to r  i n  G olg i c i s t e m a e .
The p resen ce  o f  r e c e p to r  i n  d i f f e r e n t  compartments i n  th e  c e l l  
could  r e f l e c t  b o th  th e  pathway o f  lig a n d  in t e r n a l i z a t i o n  and th e  b io ­
s y n th e t ic  pathway o f  th e  r e c e p to r  i t s e l f .  ASGP's a re  ta k en  up v ia  
coated  p i t s  in to  p re -ly so so m a l compartments I ,  I I ,  and I I I  and  a re  th en  
found in  lysosom es w here th ey  a r e  degraded. B inding a c t i v i t y  does n o t 
com igrate  w ith  lysosom al m arkers on su c ro se  d e n s ity  g ra d ie n ts  (27) and 
ARG g ra in s  a re  a b se n t from th e  lysosom al compartment i n  o u r  s tu d y . So 
a t  some p o in t  r e c e p to r  and l ig a n d  p a r t .  I s  th e  G olgi complex p a r t  o f  
t h i s  pathway o r  does th e  r e c e p to r  lo c a l iz e d  to  t h i s  re g io n  re p re s e n t 
s ta g e s  a lo n g  i t s  m a tu ra tio n  pathway? I t  i s  p o s s ib le  th a t  much more 
re c e p to r  i n  th e  G olg i i s  im m unodetectable th an  b in d in g  a c t i v i t y  because 
i t  has n o t been  f u l l y  s l a l y l a t e d  y e t .  I f  th e  h a l f  l i f e  o f  th e  ASGP 
re c e p to r  i s  20 (74) -  88 h r  (2 2 ) , th e n  1 .5 -7 2  o f  th e  t o t a l  c e l l  re c e p to rs  
a re  n ew ly -sy n th es iz ed  i n  a 2 h r  p e r io d . T h is  i s  too  low to  e x p la in  th e  • 
la rg e  nusfcers o f  p e r ip h e ra l ,  G o lg i- r e la te d  and rem ain ing  cy top lasm ic  
b in d in g  a c t i v i t y .  However, th e  G olgi b in d in g  a c t i v i t y  may indeed  
re p re s e n t  new s y n th e s is .
Our experim en ts  have looked  only  a t  fu n c t io n a l  ASGP re c e p to rs  as 
opposed to  im m u n o lo g ic a lly -d e te c ta b le  r e c e p to r .  Our r e s u l t s  d i f f e r  in  
some r e s p e c ts  from  work w ith  ASGP re c e p to r  a n t ib o d ie s .  Geuze e t  a l  
(31) used u l t r a t h i n  fro z e n  s e c t io n s  o f  r a t  l i v e r  r e c e p to r  an tibody  and 
P ro te in  A -go ld , and observed  la b e l in g  o f  plasm a membrane and v e s ic le s  
and v acu o les  n e a r  th e  plasm a membrane w ith  absence o f  l a b e l in g  o f  G olgi 
and lysosom es. However, in  l a t e r  work th e  a u th o rs  ( 3 3 ) . r e p o r t  th a t  
a f t e r  a f f i n i t y  p u r i f i c a t i o n  o f  th e  a n t ib o d ie s ,  they  d e te c t  re c e p to r  
a n tig e n  in  G olg i c i s te m a e  (30% o f th e  i n t r a c e l l u l a r  re c e p to r )  and 
tu b u lo v e s ic u la r  p r o f i l e s  (CURL) (48% o f  th e  i n t r a c e l l u l a r  r e c e p to r ) .
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] The d isc rep a n cy  o f  th e  m agnitude o f  G olg i la b e l in g  betw een our
„‘3
a u to ra d io g ra p h ic  b in d in g  d a ta  and th e  im m unocytocheraistry w ith  a n t i -  
r e c e p to r  an tib o d y  could  have many rea so n s : 1) l ig a n d  b in d in g  s tu d ie s  
a t  5°C and anti-ASGP r e c e p to r  a n tib o d ie s  have g iv en  c o n f l i c t in g  r e s u l t s  
i n  th e  p a s t .  F o r in s tan ce*  W all and Hubbard (10) found ASOR—HEP and 
] la c to se -am d n a ted  f e r r i t i n  c o n c e n tra te d  in  co a ted  p i t s  and d if fu s e ly
|  d i s t r i b u te d  a long  th e  r e s t  o f  th e  s in u s o id a l  plasm a membrane o f  p r e - f ix e d ,
; p e rfu se d  l i v e r s  m a in ta in ed  a t  4°C. In  c o n t ra s t  to  t h i s  nonuniform
d is t r i b u t io n ,  im m una-electron  m ic ro sco p ic  methods have g iv e n  a  non­
c lu s te re d  d i f f u s e  p a t te r n  o f  r e c e p to r  a n tig e n  o v er th e  s in u s o id a l  s u r fa c e  
(31 , 84 ). 2) I s o la te d  h e p a to c y te s  may undergo some d is o rg a n iz a tio n  o f
i n t r a c e l l u l a r  o rg a n e l le s  and  may n o t be s t r i c t l y  com parable to  t i s s u e  
i n  s i t u . The k in e t ic s  o f  l ig a n d  up take and d e g ra d a tio n  a re  s low er (C h ap te r 
: I )  i n  i s o l a t e d  h e p a to c y te s  and  may r e f l e c t  a  degree o f  d is o rg a n iz a tio n
o r  p a r t i a l  uncoupling  o f  th e  norm al pathw ay. 3) I n a c t iv e  ( i . e . ,  cannot 
b in d  lig a n d )  b u t  im m unodetectable re c e p to r  may e x i s t  i n  some reg io n s  o f  
th e  c e l l .  N e v e rth e le s s , w ith  f ix a t io n /p e rm e a b i l iz a t io n  and EM-ARG we 
can p r e c i s e ly  q u a n t i ta te  th e  lo c a l iz a t i o n  w ith o u t th e  assum ptions n e c e ssa ry  
f o r  e x t ra p o la t io n s  from u l t r a t h l n  s e c t io n s  and an tib o d y  b in d in g .
ASGP R ecep to rs From An I n t r a c e l l u l a r  Pool E q u i l ib r a te  w ith  th e  Surface 
Pool A f te r  C o llagenase  Exposure
E a r l i e r  work w ith  i s o l a t e d  h e p a to c y te s  and p e rfu se d  l i v e r s  dem onstra ted  
a  co llag en ase -d ep en d en t re d u c tio n  in  c e l l  s u r fa c e  ASGP b in d in g  a c t i v i t y  
t h a t  was r e v e r s ib le  i n  th e  absence o f  p r o te in  s y n th e s is  upon f u r th e r  
in c u b a tio n  a t  37°C (C hap ter I ) .  The phenomenon o f  in c re a s in g  numbers 
o f  su rfa c e  re c e p to rs  in  i s o l a t e d  h e p a to c y te s  w ith  in c u b a tio n  a t  37°C 
has been ob serv ed  i n  o th e r  l a b o r a to r ie s  (28 , 2 9 ) . I n  o u r s tu d ie s ,  we 
a ls o  m easured sapon in -exposed  b in d in g  a c t i v i t y  b e fo re  and a f t e r  recovery
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to  show t h a t  th e  su rfa c e  p o o l o f  ASGP re c e p to rs  In c re a s e s  a t  th e  expense 
o f  th e  I n t r a c e l l u l a r  poo l o r  p o o ls . No c o n d itio n s  o th e r  th a n  a  co lla g e n a se  
a s s o c ia te d  re d u c tio n  in  s u r fa c e  re c e p to rs  can be  c o r r e la te d  w ith  a  n e t 
movement o f  r e c e p to rs  betw een com partm ents. I n  o th e r  words — lig a n d  
exposure , tem p era tu re  s h i f t s  and cy dohex im ide  do n o t d e p le te  s u r fa c e  
re c e p to rs  (10 , C hap ter I ) .  The assum ption th a t  no n e t  movement o f  
re c e p to rs  betw een conpartm ents i s  o c c u rr in g  i s  b u i l t  in to  k i n e t i c  
m odeling o f  re c e p to r-m e d ia te d  en d o cy to s is  o f  ASGPs (3 4 ) . T h is  l a t t e r  
approach was ta k en  w ith  24 h r  c u l tu re d  h ep a to cy te s  to  p o s tu la te  th a t  
re c e p to r  e n te r s  th e  c e l l  bound to  lig a n d  and rem ains in s id e  f o r  a  f i n i t e  
le n g th  o f  tim e b e fo re  s e p a ra t in g  from lig a n d  (3 4 ) . However, du ring  
m onolayer c u l tu r e ,  th e  a b s o lu te  numbers and th e  r a t i o  o f  s u r fa c e  and 
t o t a l  c e l l  A SG P-receptors a re  changing (C h ap te r I I I )  so t h a t  th e  
assum ption o f  a  s te a d y  s t a t e  s i t u a t io n  i s  n o t v a l id .
EGTA Unmasks 502 o f  C e ll S u rfa c e  ASGP R ecep to rs and 202 o f T o ta l  C e ll  
ASGP R ecep to rs
The number o f  s u r fa c e  ASGP re c e p to rs  d e te c te d  by ASOR b in d in g  can 
be reduced  by c e r t a in  l o t s  o f  BSA o r  serum  (30) and in c re a s e d  by a  5 mM 
EGTA r in s e  a t  5°C (2 9 ). We observed  a  s u b s t a n t i a l  p ro p o r tio n , 50%, o f  
su rfa c e  re c e p to rs  unmasked by  5 nil EGTA. W hether th e  c e l l s  were re s u s ­
pended i n  KH-PVP-40 o r  DMEM +  15% FCS im m ediately  a f t e r  i s o la t io n  d id  
n o t a f f e c t  g r e a t ly  the  r a t i o  o f  exposed to  masked re c e p to rs  (d a ta  n o t 
shown), such  th a t  c e l l s  w hich have n o t been exposed to  serum o r  BSA
f o r  ap p rox im ate ly  2 h r  s t i l l  have masked s u r fa c e  re c e p to r s .  S ince th e  
  | - |
TX-100 s o lu b i l iz e d  re c e p to r  a ssay  co n ta in s  Ca , endogenous lig a n d s  
would rem ain bound to  re c e p to rs  as  w e ll .  T h e re fo re  we m o d ified  the  
a ssay  to  in c lu d e  o u r EGTA d is s o c ia t io n  s te p  to  unmask re c e p to rs  and 
found the  same number masked as  were a t  th e  s u r fa c e .  We do n o t u n d ers tan d
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a t  t h i s  tim e w hat t h i s  c r y p t i c  f r a c t io n  r e p re s e n ts ,  a lth o u g h  i t  may be 
some endogenous lig a n d  found  in  serum . I t  i s  i n t e r e s t i n g  th a t  a l l  the  
i n t r a c e l l u l a r  re c e p to rs  ap p ea r to  be unoccupied , w hereas h a l f  o f  th e  
s u r fa c e  re c e p to rs  a re  m asked. The EGTA-modified a ssay  g iv e s  h ig h e r 
e s t im a te s  o f  t o t a l  ASGP r e c e p to r s  p e r  c e l l  (by 202) th a n  s o lu b i l iz e d  
a ssay s  in  th e  p resence  o f  CaCl^ and i s  p a r t i c u l a r ly  u s e f u l  f o r  work i n  
w hich c e l l s  a r e  m a in ta in ed  i n  serum -supplem ented medium.
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Comparison o f  th e  P a te s  o f  S in u so id a l and B ile  
C a n a lic u la r  Domain M arkers i n  C u ltu red  H ep a to cy tes .







j INTRODUCTION TO CHAPTER I I I
| E p i th e l i a l  c e l l s  form a  con tinuous la y e r  between th e  e x te r n a l
| environm ent and th e  t i s s u e s  w hich  they  co v e r. A ll e p i t h e l i a  have|
] some common f e a t u r e s .  The ty p i c a l  e n d o th e l ia l  c e l l  i s  s t r u c t u r a l l y  and 
| f u n c t io n a l ly  d es ig n ed  to  s e p a ra te  and m a in ta in  2 d i f f e r e n t  aqueous 
| env ironm en ts. The a p ic a l  s u r f a c e  face s  th e  lumen, i s  covered  w ith  m icro-
j
; v i l i i ,  and i s  s e p a ra te d  by t i g h t  ju n c t io n s ,  p e rm e a b il i ty  b a r r i e r s ,  from 
; th e  b a s o la t e r a l  s u r fa c e  w hich i s  a t ta c h e d  to  e x t r a c e l l u l a r  m a tr ix  o r  
b a s a l  lam ina.
The h e p a to c y te  i s  an  e p i t h e l i a l  c e l l  and th u s  o rg an iz ed  i n  a  s im i la r  
way. The a p ic a l  domain i s  form ed by th e  b i l e  c a n a l ic u la r  membrane and 
; make s  up about 13% o f  t o t a l  p lasm a membrane s u r fa c e  a re a  ( 1 ) .  The baso - 
l a t e r a l  domain can be  d iv id e d  in t o  th e  l a t e r a l  su rfa c e  (17%) w hich 
d i r e c t l y  c o n ta c ts  n e ig h b o rin g  c e l l s ,  and th e  s in u s o id a l  s u r f a c e  (70%)
■ w hich i s  l in e d  by K upffer and e n d o th e l ia l  c e l l s  and i s  in  c o n ta c t  w ith  
th e  b lo o d . These m o rp h o lo g ic a lly  d i s t i n c t  domains a r e  a ls o  d is t in g u is h e d  
from  one a n o th e r  by fu n c tio n . The s in u s o id a l  membrane re c e iv e s  n u t r i e n ts  
and hormones from  th e  b lood  and p a r t i c ip a t e s  i n  th e  s e c r e t io n  o f  albumin 
and o th e r  serum  p r o te in s .  The b i l e  membrane i s  th e  s i t e  o f  s e c r e t io n  
o f  b i l e  a c id  c o n ju g a te s . The l a t e r a l  s u r fa c e  h o ld s  th e  t i s s u e  to g e th e r  
by ju n c t io n a l  com plexes.
The f u n c t io n a l  d if f e re n c e s  c i te d  above a re  thought to  r e f l e c t  
co m p o sitio n a l d if f e re n c e s  among th e  membranes. The ev idence  so f a r  
accum ulated  i s  b ased  on f r e e z e - f r a c tu r e ,  cy to ch em istry , and-immuno­
f lu o re sc e n c e . In  r a t  l i v e r ,  w here t i g h t  ju n c t io n s ,  desmosomes, and 
gap ju n c tio n s  s e p a ra te  th e  b i l e  c a n a l ic u l i  from  th e  s in u s o id s ,  f r e e z e -  
f r a c tu r e  p r o f i l e s  have i d e n t i f i e d  intram em branous p a r t i c l e - r i c h  ( l a t e r a l )  
and i n t r amembranous p a r t i c le - p o o r  ( b i l e  c a n a l ic u l i )  r e g io n s . T ig h t
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ju n c t io n s  w ere d is tin g tx ish ed  by netw orks o f  anastom osing r id g e s
complementary to  fu rrow s (o r  s tra n d s )  on th e  o p p o s ite  face  (2 ) .
C ytochem istry  su p p o rted  th e  id e a  o f  d o m a in -sp e c if ic  enzym atic m arkers.
+  +Na K ATPase r e a c t io n  p ro d u c t i s  th e  c l a s s i c a l  m arker fo r  b a s o la te r a l  
s u r fa c e s  (3 , A); a lk a l in e  p h o sphatase  and le u c in e  ami n o p ep tid ase  a re  
th e  a p ic a l  m arkers (3 , 5 ) . To i n t e r p r e t  t h i s  d a ta , i t  i s  n e c e ssa ry  
to  be  co n fid e n t th a t  one s p e c i f i c  enzyme i s  d e te c te d  r a th e r  th a n  s e v e ra l  
a c t i v i t i e s .  Experim ents a t  th e  e le c t r o n  m icro sco p ic  le v e l  g r e a t ly  
im prove th e  r e s o lu t io n ,  s in c e  low le v e l s  o f  domain m arkers may e x i s t  
on th e  o th e r  domains.
When s in g le  h e p a to c y te s  a re  p re p a re d  by c o lla g e n a se  p e r fu s io n  o f  
r a t  l i v e r s ,  th e  c e l l s  round up , become covered  un ifo rm ly  w ith  m icro­
v i l l i ,  and lo s e  th e  3 m o rp h o lo g ica lly  d i s t i n c t  plasm a membrane domains 
(6 -9 ) .  I t  has been h y p o th esized  th a t ,  w ith  i s o l a t i o n  and lo s s  o f  c e l l  
s u r fa c e  s p e c ia l i z a t io n s ,  in t e g r a l  plasm a membrane p ro te in s  a r e  no 
lo n g e r  s e g re g a te d  to  one domain. Examples o f  th e  ev idence f o r  t h i s  
a re  th e  fo llo w in g : Sang e t  a l  (10) d is s o c ia te d  MDCK c e l l s  w ith  EDTA 
and n o ted  th e  s im u ltaneous lo s s  o f  t i g h t  ju n c t io n a l  e lem ents and th e  
d isap p ea ran ce  o f  d i f f e r e n t i a l  intram em branous p a r t i c l e  d e n s i t ie s  by 
f r e e z e - f r a c tu r e .  Pisam  and Ripoche (11) opened t i g h t  ju n c tio n s  i n  f ro g  
u r in a ry  b la d d e r e p ith e lix m  and observed  a p ic a l  g ly c o p ro te in  la b e l s  to  
" in v ad e"  th e  b a s o la te r a l  domain by a  v a r i e ty  o f  u l t r a s t r u c t u r a l  and 
cy tochem ical te c h n iq u e s . Ziomek e t  a l  (12) observed  slow and uniform  
d if fu s io n  o f  a lk a l in e  p h o sphatase  and le u c in e  am inopeptidase (two i n t e ­
g r a l  membran e  p ro te in s  norm ally  se g re g a te d  to  th e  b ru sh  b o rd e r o f 
i n t e s t i n a l  e p ith e liu m ) over th e  e n t i r e  s u r fa c e  o f  th e  s in g le  c e l l .  
F re sh ly  i s o la te d  h ep a to cy te s  become u n ifo rm ly  covered w ith  th e  cy to -
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chem ical r e a c t io n  p ro d u c ts  f o r  a lk a l in e  p h o sp h a tase , Mg —ATPase, and 
5 ' —n u c le o tid a s e  (13) u n l ik e  th e  in  s i t u  c a se . And f i n a l l y ,  in  C hap ter I ,  
we p re s e n te d  u l t r a s t r u c t u r a l  ev idence t h a t  th e  ASGP re c e p to r ,  a  m arker 
o f  th e  s in u s o id a l  domain In  h ep a to cy te s  i n  s i t u , was d i s t r i b u te d  around 
th e  e n t i r e  p e r ip h e ry  o f  th e  s in g le  c e l l .
F re s h ly  i s o la te d  h e p a to c y te s  in  su sp e n sio n  c u l tu r e  w hich have l o s t  
domain s p e c ia l iz a t io n s  s t i l l  r e t a in  o th e r  d i f f e r e n t i a t e d  fu n c tio n s  o r  
c h a r a c t e r i s t i c s .  P r o te in  s y n th e s is  rem ains l i n e a r  f o r  a t  l e a s t  5 h r  
(8) and album in and f ib r in o g e n  con tinue  to  be sy n th e s iz e d  and s e c re te d  
f o r  a t  l e a s t  4 h r  (1 4 -1 6 ) . G luconeogenesis from l a c t a t e ,  p y ru v a te , 
f r u c to s e ,  and amino a c id s  c o n tin u es  a t  r a p id  r a te s  (6 , 17, 1 8 ). I so ­
la te d  h ep a to cy te s  rem ain s e n s i t i v e  to  th e  fo llo w in g  hormones: in s u l in  
(19 , 2 0 ), .glucagon (21, 2 2 ) , and c o r t i s o l  (2 3 ) . Drug m etabolism  has 
been s tu d ie d  in  i s o la te d  h e p a to c y te s  (24, 25).. The s in u s o id a l  domain 
m arker, th e  ASGP re c e p to r ,  rem ains fu n c t io n a l  on th e  h ep a to cy te  c e l l  
s u r fa c e  (C hap ter I )  and i n  th e  i n t r a c e l l u l a r  p o o l(s )  (C hap ter I I ) . 
I s o la te d  h ep a to cy te s  i n t e r n a l i z e  c h o la te  and n a p th o l (by a c t iv e  s in u ­
s o id a l  up take  sy stem s), p roduce p o la r  c o n ju g a te s , and re le a s e  th e se  
m e ta b o li te s  in to  th e  medium (a  form er b i l e  c a n a l ic u la r  membrane 
fu n c tio n )  (2 6 ).
S h o rt- te rm , p rim ary , n o n - p r o l i f e r a t in g  a d u l t  r a t  h ep a to cy te  c u l tu re s  
in  w hich i s o la te d  h e p a to c y te s  suspended i n  c u l tu re  medium were seeded 
onto a  t i s s u e  c u l tu re  su b s tra tu m  to  form a  m onolayer o f  c e l l s  have 
been d e sc r ib e d  by a  number o f  l a b o r a to r ie s .  A v a r ie ty  o f  s p e c i f i c  
l i v e r  c e l l  fu n c tio n s  have been  re p o rte d  to  p e r s i s t  in  c u l tu r e .  Some 
a c t i v i t i e s  were only  t r a n s i e n t  as th e  c e l l  c u l tu re  ad ap ted  to  a  new 
environm ent. In  some s tu d ie s  f e t a l  l i v e r  c h a r a c te r i s t i c s  w ere d i s ­
covered to  c o e x is t w ith  a d u l t  ones. B ecause o f  th e se  o b s e rv a tio n s ,
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th e  d e f in i t io n  o f  th e  d i f f e r e n t i a t e d  h ep a to cy te  in  c u l tu r e  i s  becoming 
more ambiguous. We w i l l  c o n c e n tra te  on a  d i f f e r e n t i a t e d  m orphological 
c h a r a c t e r i s t i c  -  th e  re -e s ta b lis h m e n t o f  3 plasm a membrane domains in  
c u l tu r e  -  w ith in  th e  la rg e r  c o n te x t o f  g en e ra l a d u l t  l i v e r  c e l l  fu n c tio n .
To s e le c t  a  m ethod o f  h ep a to cy te  m onolayer c u l tu r e  i n  which to  
in v e s t ig a te  th e  re -e s ta b lis h m e n t o f  plasm a membrane domains, i t  i s  
u s e fu l  to  th in k  o f  th e  c u l tu re  environm ent in  3 ways: 1) c e l l- s u b s tra tu m  
in t e r a c t io n s ;  2) c e l l - c e l l  c o n ta c t;  and 3) cell-m edium  in t e r a c t io n s .
W ith reg a rd  to  th e  f i r s t  p o in t ,  h e p a to c y te s  adhere e a s i l y  to  a  v a r ie ty  
o f  s u b s t r a ta .  P l a s t i c  t i s s u e  c u l tu r e  d ish e s , p la in  o r  coated  w ith  
c o lla g e n , serum, f ib ro n e c t in ,  Con A, and a s ia lo  ce ru lo p lasm in  have 
su p p o rted  th e  m aintenance o f  v ia b le  c u l tu r e s  (2 7 -2 9 ). C ollagen g e ls  
(30) on w hich c e l l s  may be seeded  o r  w ith in  which th e y  can be embedded 
have been enp loyed  w ith  e q u a lly  good r e s u l t s .  U sing m orphologic 
appearance and c e l l  s u rv iv a l  as  c r i t e r i a ,  no p a r t i c u l a r  s u b s t r a te  seems 
b e t t e r  th an  th e  o th e r s .  The second p o in t ,  c e l l - c e l l  c o n ta c t,  i s  one 
u n iv e rs a l ly  ag reed  upon. So f a r ,  th e  m odulation o f  c e l l  su r fa c e s  has 
been  observed  o n ly  a f t e r  a llow ing  c e l l s  to  make d i r e c t  c o n ta c t w ith  
one a n o th e r . F in a l ly ,  th e  t h i r d  p o in t ,  c e ll-m e d ia  in t e r a c t io n s ,  can 
b e  co n sid e red  in  2 groups -  serum -supplem ented media and se ru m -free .
In  e i t h e r  case , a  v a r ie ty  o f  d i f f e r e n t i a t e d  c h a r a c te r i s t i c s  have been 
su p p o rted . Each o f  th e  above p o in ts  w i l l  be co n sid e red  in  g r e a te r  
d e t a i l  in  th e  t e x t  to  fo llo w .
M orpholog ical C h a r a c te r is t ic s  o f  H epatocy tes in  M onolayer C u ltu re
C r i t e r i a  f o r  th e  u l t r a s t r u c t u r a l  id e n t i f i c a t i o n  o f  d i f f e r e n t i a t e d  
h e p a to c y te s  in  c u l tu r e  has been th e  fo llo w in g : 1) abundant m itochondria ,
2) prom inent rough endoplasm ic re tic u lu m , 3) smooth endoplasm ic
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re tic u lu m , 4) glycogen r o s e t t e s ,  5) w e ll-d e v e lo p ed  G olg i com plexes, 
and 6) peroxisom es (7, 8, 2 3 ). In  1973, B i s s e l l  e t  a l  (31) d e sc r ib e d  
th e  m orpholog ical c h a r a c t e r i s t i c s  o f  c u l tu r e s  e s ta b l i s h e d  in  serum - 
f r e e  medium from re g e n e ra tin g  l i v e r s  4 days a f t e r  p a r t i a l  hepatectom y. 
O ccas io n a l s t r u c tu r e s ,  s im i la r  to  b i l e  c a n a l i c u l i ,  w ere ob serv ed  to  
i n t e r r u p t  th e  c lo se  a p p o s it io n  o f  a d ja c e n t c e l l  membranes. A second 
ty p e  o f i n t e r c e l l u l a r  space av e rag in g  about 1 ym was f i l l e d  w ith  m icro­
v i l l i  o f  b o th  c e l l s .  Only desmosomes w ere d e sc r ib e d  a long  i n t e r ­
c e l l u l a r  b o u n d arie s  (3 2 ).
The s u c c e s s fu l m onolayer c u l tu r e  o f  noxmal a d u l t  r a t  l i v e r  c e l l s  
was re p o r te d  i n  1977 by Wanson e t  a l  (3 3 ). W ith in  4 h r  o f  p la t in g  in  
D u lb ecco 's  medium supplem ented w ith  17% f e t a l  c a l f  serum on p l a s t i c ,  
th e  c e l l s  adhered  and desmosomes appeared  a long  i n t e r c e l l u l a r  mem­
b ra n e s  between a d ja c e n t c e l l s .  " B ile  c a n a l ic u l i "  and t i g h t  ju n c t io n s  
w ere  r e - e s ta b l i s h e d  by 24 h r .  By f r e e z e -e tc h  th e  t i g h t  ju n c t io n s  
w ere i d e n t i f i a b l e  by i n t e r d i g i t a t i n g  s t r a n d s ,  and by tra n sm is s io n  
e le c t r o n  m icroscopy, th e  t i g h t  ju n c t io n s  p rev en ted  th e  p assag e  o f  
ru then ium  red  and  h o rs e ra d is h  p e ro x id a se  in to  th e  b i l e  c a n a l ic u la r -  
l i k e  sp aces . Concom itant w ith  th e  appearance o f  b i l e  c a n a l ic u l i ,
G o lg i complexes and lysosom es ac c u n u la te d  n ea rb y .
The c u l tu re  j u s t  d e sc r ib e d  in v o lu te d  u n le ss  in s u l in  (20 mU/ml)
was in c lu d ed  (3 4 ). I n s u l in  doubled th e  s u rv iv a l  tim e , in c re a s e d  th e  
14in c o rp o ra tio n  o f  C -g lucose in to  g lycogen , caused  s to ra g e  o f  numerous 
g lycogen p a r t i c l e s ,  and prom oted developm ent o f  smooth endoplasm ic 
re tic u lu m , l i p i d  p a r t i c l e s ,  and polysom es.
A requ irem en t f o r  dexam ethasone to  m a in ta in  c e l l  s u rv iv a l  and th e  
u l t r a s t r u c t u r a l  c h a r a c te r i s t i c s  o f  h ep a to cy te s  in c lu d in g  " b i l e  c a n a l ic u l i"
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du rin g  serum—fre e  c u l tu re  In  W illiam s Medium G on p l a s t i c  was n o ted  
by W illiam s e t  a l  (3 5 ). These b e n e f ic ia l  e f f e c t s  w ere n o ta b le  only 
from 0-4 days. I t  i s  in t e r e s t in g  th a t  L am biotte e t  a l  (36) found 
th a t  g lu c o c o r tic o id s  were re s p o n s ib le  f o r  in d u c tio n  o f  " b i l e  cana­
l i c u l i "  in  f e t a l  l i v e r  c u l tu r e s ,  s in c e  c o r t ic o s te r o id s  a re  n o t n e c e ssa ry  
f o r  re -e s ta b lis h m e n t o f  b i l e  c a n a l ic u la r  morphology i n  a d u l t  c u l tu r e s .
T here have been s e v e ra l  in v e s t ig a t io n s  d i r e c t l y  aimed a t  d e te rm in in g  
th e  d eg ree  o f  m orpho log ical and fu n c tio n a l  p o l a r i t y  in  r a t  h ep a to cy te  
c u l tu r e s  w h ile  a lso  docum enting th e  u l t r a s t r u c t u r a l  appearance o f  " b i le  
c a n a l ic u l i " .  The s ta g e s  o f  c a n a l ic u la r  developm ent i n  h ep a to cy te  
c u l tu r e s  w ere s tu d ie d  c a r e fu l ly  by Jung  e t  a l  (37) d u rin g  an in v e s t i ­
g a tio n  o f  th e  lo c a t io n  and a c t i v i t y  o f  s e v e ra l  c e l l  s u r fa c e  enzymes.
The c e l l s  w ere c u l t iv a te d  i n  W/AB medium supplem ented w ith  10% c a l f  
serum , 25 mU/ml in s u l in ,  and 1 pM dexamethasone on c o lla g e n . Four 
s ta g e s  o f  c a n a l ic u l i  w ere c o r re la te d  w ith  tim e i n  c u l tu r e .  The e a r l i e s t  
form (Group 1) c o n s is te d  o f  2 apposing  membranes s e a le d  a t  b o th  ends 
by t i g h t  ju n c t io n s .  Groups 2 and 3 w ere t r a n s i t i o n a l  forms towards 
Group 4, th e  "m ature" c a n a lic u lu s ,  d is t in g u is h e d  by m ic r o v i l l i  and 
membranous m a te r ia l  in s id e  th e  c a n a lic u lu s  and t i g h t  ju n c t io n s .  In  
a d d i t io n ,  a  c h o le s ta t i c  form c h a ra c te r iz e d  by d i l a t a t i o n  and lo s s  o f 
m ic r o v i l l i  was seen  a f t e r  3 days o f  c u l tu re .  C ytochem istry  a t  th e  
EM le v e l  dem onstrated  th e  r e a c t io n  p ro d u c ts  f o r  a lk a l in e  phosp h a tase , 
5 '- n u c le o t id a s e ,  and Mg -ATPase o v er p o te n t ia l ly  th e  e n t i r e  c e l l  
s u r fa c e .  However t h i s  d i s t r i b u t io n  was n o t always un ifo rm , p a r t i c u l a r ly  
on c a n a l ic u l i  o f  d i f f e r e n t  m orpholog ies. The ap p aren t m orpho log ical 
r e -e s ta b lis h m e n t o f b i l e  c a n a l ic u l i  w ith o u t re -e s ta b lis h m e n t o f  cy to -  
chem Lcally d i s t i n c t  membrane domains r a is e s  th e  i s s u e  o f  fu n c tio n  a t
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each  domain.
The t r a n s c e l l u l a r  t r a n s p o r t  o f  b i l e  s a l t s ,  p r o te in s ,  and o rg an ic  
compounds from th e  b lood  to  th e  b i l e  i s  dependent on s in u s o id a l  uptake 
system s and c a n a l ic u la r  s e c r e to ry  mechanisms. B a rth  and Schwarz (38) 
used  th e  up take and s e c r e t io n  o f  f lu o re s c e in  dyes by c u l tu r e d  h ep a to cy te s  
( a t  6 days) to  dem onstra te  a  f u n c t io n a l  p o la r i ty  t h a t  p e rm itte d  
t r a n s c e l l u l a r  t r a n s p o r t  o f  su b s tan ces  fo llow ed  by i n t e r c e l l u l a r  s e c re ­
t io n .  Two irrf.nnfre.fi a f t e r  th e  a d d i t io n  o f  f lu o re s c e in  to  th e  c u l tu re  
medium, i n t e r c e l l u l a r  c l e f t s  showed a  s te a d i ly  in c re a s in g  f lu o re sc e n c e  
w hich developed  in to  a  netw ork  o f  i n t e r c e l l u l a r  gaps. The r e l a t i o n ­
sh ip  o f  t h i s  netw ork  to  th e  " b i le  c a n a l ic u la r " - l ik e  sp aces  p re v io u s ly  
d e sc rib e d  i s  n o t y e t  worked o u t. The a d d i t io n  o f  f lu o r e s c e in  d ia c e ta te  
(a  n o n f lu o re sc e n t p re c u rs o r )  le d  to  th e  same f lu o re s c e n t  p a t t e r n ,  and 
ta u ro l i th o c h o la te ,  a  b i l e  s a l t  w hich causes c h o le s ta s is  in  i n t a c t  r a t s  
and p e rfu se d  l i v e r s ,  su p p resse d  i n t e r c e l l u l a r  f lu o re sc e n c e .
O ther D if f e r e n t ia te d  C h a r a c te r i s t ic s  o f  H epatocy te  C u ltu re s
The m ost w id e ly  s tu d ie d  enzyme a c t i v i t y  in  l i v e r  c e l l  c u l tu r e s  i s  
ty ro s in e  a m in o tra n s fe ra se  (TAT). I t  i s  p re s e n t a t  a  s e v e r a l - fo ld  
g r e a te r  s p e c i f i c  a c t i v i t y  i n  l i v e r  th an  any o th e r  o rgan  (39) and i s  
in d u c ib le  w ith  a d re n a l c o r t i c o s te r o id s .  The in d u c tio n  o f  TAT by 
c o r t i c o s te r o id s  was f i r s t  dem onstra ted  in  1964 (40) f o r  th e  Reuber 
hepatoma H-35 in  v i t r o ,  and norm al h e p a t ic  c u l tu r e s  were s tu d ie d  by 
te s t in g  th e  c a p a c ity  o f  g lu c o c o r t ic o id s  to  in c re a s e  TAT a c t i v i t y .
Prim ary a d u l t  r a t  h e p a to c y te  c u l tu re s  in  serum -supplem ented o r  
se ru m -free  media responded to  dexam ethasone a t  l e a s t  th rough  th e  f i r s t  
4 days o f  c u l tu r e  w ith  h ig h  le v e ls  o f  TAT (41 , 4 2 ) . I n s u l in  was no t 
a req u irem en t, cy d o h ex im id e  a b o lish e d  th e  in d u c tio n , and re d u c tio n  in  
th e  ‘le v e l  o f  TAT ach ieved  was c o r r e la te d  w ith  lo s s  o f  c e l l  v i a b i l i t y .
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R ep ress io n  o f  TAT as  w e ll  as i t s  in d u c tio n  has been s tu d ie d  w ith  
grow th hormone (4 3 ) . T h is phenomenon has been  v a r ia b ly  seen  i n  l i v e r s  
o f  i n t a c t  r a t s .
P ro longed in d u c ib i l i ty  o f  TAT a t  l e a s t  th rough  day 8 was observed  
by S i r i c a  e t  a l  (44) i n  c u l tu r e s  m a in ta in ed  bn c o lla g e n  g e l /n y lo n  
m eshes. M ichalopoulos e t  a l  (45) documented in d u c ib i l i ty  f o r  up to  
3 wks in  c u l tu r e s  m a in ta in ed  on f lo a t in g  c o lla g e n  membranes i n  serum - 
f r e e  medium supplem ented w ith  in s u l in .  I t  appeared  th a t  i t  was the  
s u b s t r a te ,  r a th e r  th a n  th e  medium, w hich was re s p o n s ib le  f o r  t h i s  
d ram a tic  p ro lo n g a tio n  o f  i n d u c ib i l i ty  s in c e  c e l l s  grown on c o lla g e n -  
co a ted  p la te s  l o s t  i n d u c ib i l i t y  a t  day 8.
In  a d d i t io n  to  th e  most w id e ly  s tu d ie d  enzyme a c t i v i t y ,  TAT, 
g luconeogen ic  an d -g ly c o g e n o ly tic  enzymes have been observed  (45 , 46 ). 
Ketone body p ro d u c tio n  and u re a  cycle  enzymes have a lso  been  found 
(45, 47) f o r  up to  5 days in  c e l l s  grown on co llag en  g e l s .  S e c re to ry  
p r o te in s  such a s  album in (4 4 -4 6 ), t r a n s f e r r i n  (9 , 4 4 ), a ^ - a c id  g lyco­
p ro te in  (4 4 ), f ib r in o g e n  ( 9 ) ,  and plasm inogen a c t iv a to r  (35) w ere 
d e te c te d  by immunochemical a ssay  o f  c u l tu r e  medium. In  a l l  c a se s , 
th e  le v e ls  o f  s e c r e te d  p ro te in s  d e c lin e d  w ith  tim e i n  c u l tu r e .
The b in d in g , u p tak e , and p ro c e s s in g 'o f  po lym eric  r a t  IgA (plgA) 
has been s tu d ie d  w ith  c e l l s  i n  c u l tu re  i n  Drochmans (8 ) medium on 
c a l f  sk in  c o lla g e n  (48, 4 9 ). plgA i s  reco g n ized  by a  r e c e p to r  on 
th e  s u rfa c e  o f  h e p a to c y te s , s e c re to ry  component, and i s  t r a n s f e r r e d  
a c ro ss  th e  c e l l  and in to  th e  b i l e  i n  th e  form o f  s e c re to ry  IgA (s lg A ). 
The c u ltu re d  c e l l s  sy n th e s iz e d  and s e c r e te d  s e c re to ry  component. They 
bound plgA and re le a s e d  slgA . T his l a t t e r  fu n c tio n  was presum ed to  
o ccu r a t  th e  " b i l i a r y  p o le"  which would n e c e s s i t a te  c o n t in u i ty  o f
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th e  ranaH  m l n r  spaces w ith  th e  c u l tu re  medium -  i . e .  incom plete
r e p o la r iz a t io n .  The r e s o lu t io n  o f  t h i s  m orpho log ica l q u e s tio n  i s
im p o rta n t to  th e  in t e r p r e t a t i o n  o f  th e  pathway fo llow ed  by plgA.
S e v e ra l f e t a l  l i v e r  c h a r a c te r i s t i c s  have been  observed  w ith  lo n g
te rm  c u l tu r e s  o f  a d u l t  h ep a to cy te s  on c o l la g e n /g e l  ny lon  meshes
(4 4 ) .  a -g lu tam y l tr a n s p e p t id a s e  f i r s t  became m easurable  a t  day 3 and
in c re a s e d  l i n e a r ly  w ith  tim e a t  l e a s t  th rough  day 9 . Like th e  f e t a l
and n e o p la s t ic  l i v e r  enzyme, t h i s  a c t i v i t y  was s tim u la te d  8 - to  1 0 - fo ld
by th e  a -g lu tam y l group a c c e p to r  g ly c y lg ly c in e . C ytochem istry  dem onstrated
th a t  > 90% o f  th e  c e l l s  c o n ta in ed  r e a c t io n  p ro d u c t, p redom inan tly  in
th e  cytoplasm . a ^ - fe to -p ro te in (a F P )  was d e te c ta b le  by RIA i n  b o th  c e l l s  and
medium b eg in n in g  a t  day 5 and in c re a s in g  s t e a d i ly  through day 9 . In
c o n t r a s t  to  a - g lu t  a r y l  tr a n s p e p t id a s e ,  im m unofluorescence showed o n ly
82 o f  c e l l s  to  be p o s i t iv e  f o r  a fP . The f e t a l  isozym e o f  f r u c to s e -
b ip h o sp h a te  a ld o la s e  became s ig n i f i c a n t  a t  day 8 as r e f le c te d  by i t s
s u b s t r a te  s p e c i f i c i t y  CratLo o f  f ru c to s e  1 ,6  b ip h o s p h a te /f ru c to se  1 -
p h o sp h a te ) . These 3 f e t a l  c h a r a c te r i s t i c s  p a r a l l e l e d  the  in c re a s e  i n
3
DNA sy n th e s is  m easured by H -thym idine in c o rp o ra tio n  in to  p u r i f i e d  
l i v e r  c e l l  DNA. The In c re a s e  i n  f e t a l - l i k e  s t a t e  o f  th e se  c u l tu re s  
o ccu rred  s im u ltan e o u sly  w ith  m aintenance o f  d i f f e r e n t i a t e d  c h a r a c te r i s ­
t i c s  such as b i l e  c a n a l ic u la r - l ik e  morphology, album in, t r a n s f e r r i n ,  
and a  - a c id  g ly c o p ro te in  s e c r e t io n ,  and in d u c ib le  TAT, p o in tin g  ou t 
th e  d i f f i c u l t y  in  p r e c i s e ly  d e f in in g  c r i t e r i a  f o r  d i f f e r e n t i a t e d  
h ep a to cy te  c u l tu r e s .
Domain M arkers in  C u ltu red  H epatocytes
In  th e  3 rd  and f i n a l  c h a p te r  o f  t h i s  t h e s i s ,  we conpare th e  
b e h a v io r  o f 2 domain m arkers in  prim ary  c u l tu re s  o f  a d u l t  r a t  h ep a to ­
c y te s .  The numbers o f  ASGP re c e p to rs  (a  s in u s o id a l  domain m arker) 
on th e  su rfa c e  and in s id e  th e  c e l l  a r e  determ ined  by lig a n d  b in d in g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
HH
s tu d ie s ,  and th e  lo c a t io n  o f  th e s e  re c e p to rs  i s  in v e s t ig a te d  a t  th e  
LM le v e l  w ith  an tibody  to  th e  r e c e p to r .  The le v e l  and plasm a menbrane 
d i s t r i b u t io n  o f  a  b i l e  c a n a l ic u la r  a n tig e n , HA A, i s  a ls o  in v e s t ig a te d  
w ith  a  m onoclonal an tibody  and in d i r e c t  im m unofluorescence.
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TABLE 1: P ro p e rtie s .o f  Primary Hepatocyte C ultures
Property C h a ra c te r is tic s Medium . Serum Ho n o n es Substrate References




W illiams Med C
172 FCS*
1 52 FCS 
152 FCS
102 c a lfs
102 FCS
± In su lin  
1 In su lin  
In s u lin , hydrocor­
tiso n e  
In s u lin , dexa­
methasone 
dexamethasone
p la s t ic  
collagen gel






glycogen deposition  with In su lin EMEH 172 FCS Insu lin p la s t ic 34,46
Enzyme syn thesis 
and induction
i  ty ro sine  am inotransferase (TAT) 




o le a te , BSA1, 





in s u lin , T ,, CH 
In su lin
p la s t ic  
c a lf  sk in  collagen 







gluconeogenic, g lycogenolytic L-15 - • - p la s t ic 31,46
Urea cycle 42,46,47
Plasma P ro te in  
Synthesis
albumin 
t ra n s fe r r in  
a ,-a d d g ly c o p ro te ln  





M iscellaneous F e ta l -  a . fe to p ro te in
Y glutam yltranspeptidase 
sec re to ry  component, plgA tran sp o rt 
f lu o resce in  tran sp o rt 
flb ro n ec tln  
HM6 CoA reductase 
p ro te in  degradation reg u la tion  by 









c a lf  sk in  collagen 
p la s t ic  
p la s t ic  
p la s t ic  








FCS > feca l c a lf  serum BSA " bovine serum albumin CH -  growth hormone glucagon, CH, T ., dexamethasone, 
e s t r a d io l ,  te s to s te ro n e , epinephrine,
In su lin
C hap ter I I I  
MATERIALS AND METHODS
I .  M a te r ia ls
C o llagenase  (Type 1A), ty p e  1 co lla g e n  ( r a t  t a l l  te n d o n ), human 
p la c e n ta l  c o lla g e n , p o ly ly s in e ,  I n s u l in  (bov ine p a n c re a s ) , dexam etha- 
sone , and tr i io d o th y ro n in e  (T^) w ere o b ta in e d  from Sigma Chem ical Co. 
( S t .  L o u is , MO). D u lbecco 's  M odified E a g le 's  Medium (DMEM), NCTC 135, 
and p e n ic i l l in /s t r e p to m y c in  (10 ,000  u / 10,000 pg/m l) were from Gibco 
(Grand I s la n d  B io lo g ic a l C o ., Grand I s la n d ,  NY). Epiderm al growth 
f a c t o r  (EGF), t r a n s f e r r i n ,  and selen ium  w ere o b ta in ed  from  C o lla b o ra tiv e  
R esearch  In c . (Waltham, MA). F e ta l  bovine serum was from S t e r i l e  
System s, In c . (Logan, VT). Gentamycin was from S chering  Corp. 
(K en ilw orth , N J). RhodamLnated-goat a n t i - r a b b i t  IgG, Rhodam inated- 
sheep an ti-m ouse  Ig G ,-g o a t-a n ti-m o u se , norm al g o a t serum, and norm al 
lamb serum  w ere from Cappel Lab (C o c h ra n v ille , PA). P r o te in  A was 
from  Pharm acia F ine  C hem icals (P isca taw ay , N J). A ll  o th e r  chem icals 
w ere re a g e n t g rad e . T issu e  c u l tu r e  d ish e s  (35 ran) w ere o b ta in e d  
from  Falcon (Oxnard, CA). Male Sprague-Dawley r a t s  (120 gm) were 
p u rch ased  from C harles R iv e r B reed ing  L a b o ra to r ie s  (W ilm ington, MA).
I I .  H epatocyte  M onolayer C u ltu re  
I s o la te d  h ep a to cy te s  p re p a re d  by c o lla g e n a se  p e r fu s io n  (see
C hap ter I )  w ere suspended in  c u l tu re  mediun (see  l i s t  below) a t  a 
d e n s ity  o f  1 .4  x  10** c e l l s /m l  and k e p t on ic e  u n t i l  p l a t in g .  C e lls  
w ere seeded  (1 m l/p la te )  o n to  t i s s u e  c u l tu r e  d ish e s  (35 mm) o r  g la s s  
c o v e r s l lp s  p re v io u s ly  co a ted  w ith  r a t  t a i l  tendon c o lla g e n  (RTC) 
acco rd in g  to  th e  method in  C hapter I ,  human p la c e n ta l  c o lla g e n  (HPC,
40 yg/m l, 200 p l / p l a t e ) ,  o r  p o ly ly s in e  (40  pg /m l), and in c u b a te d  a t  
37°C i n  a  hu m id ified  5% (X^/OSZ 0^ a i r  in c u b a to r . The medium was
: life
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changed a t  4 h r  and every  24 h r  t h e r e a f t e r .
M edia: 1 . Complete Medium -  DMEM supplem ented w ith  15% f e t a l  bov ine 
serum (FBS), 20 mU/ml in s u l in ,  1 yM dexam ethasone, 2 .4  nM T^, 25 mM 
g lu c o se , 100 u p e n i c i l l i n / 100 yg s trep to m y c in /m l, and 100 yg/m l g en ta ­
mycin (du rin g  f i r s t  24 h r  o f  c u l tu r e  o n ly ) .
M o d ific a tio n s  -  a) 10% FBS
b) 15 mU/ml in s u l in
2. Serum -Free Medium -  NCTC 135 supplem ented w ith  20 mU/ml 
i n s u l i n ,  5 yg/mL t r a n s f e r r i n ,  1 .7  ng/m l se len ium , 100 u  p e n i c i l l i n /
100 yg s trep to m y c in /m l, 100 yg/m l gentam ycin.
3. High In s» H n  Medium -  DMEM supplem ented w ith  10% FBS,
25 ng/m l EGF, 300 mU/ml in s u l in ,  100 u p e n ic i l l in /1 0 0  yg s trep to m y c in /m l,
100 yg/m l gentam ycin.
125I I I .  I-ASOR BlnH-fng, U ptake, and M etabolism
C e lls  c u l tu re d  on t i s s u e  c u l tu r e  d ish e s  f o r  2, 24, 48, o r  72 h r
w ere r in s e d  4 tim es w ith  1 ml warm KH-FVP-40 and e q u i l ib r a te d  a t  37°C
1?5
i n  a  h u m id ified  5% 00^/95% a i r  in c u b a to r  f o r  15 mln. I-ASOR ( s . a .  
0 .4 1  o r  1 .3  x  10^ cpm/yg, 1 yg/m l) was added and th e  c e l l s  re p la c e d  in  
th e  in c u b a to r  a t  37°C f o r  0-90 mln. One d is h  p e r  tim e p o in t  re c e iv e d  
a  100-fo ld  ex cess  o f  u n la b e led  ASOR to  m easure n o n - s p e c if ic  b in d in g .
A c o n tro l  d ish  (no c e l l s )  was in c lu d e d . The 37°C in c u b a tio n s  were 
te rm in a ted  by ra p id ly  co o lin g  th e  c e l l s  to  5°C (by p lacem ent on ic e  
in  5°C room). The medium was a s p ir a te d  and saved , th e  c e l l s  were r in s e d  
3 tim es w ith  1 ml co ld  KH-PVP-40 and sc rap ed  in to  KH-PVP-40, and b o th  
c e l l s  and medium w ere p r e c ip i ta te d  w ith  10% TCA ( f i n a l  c o n c e n tr a t io n ) . 
The a c id -s o lu b le  r a d io a c t iv i ty  was an a ly se d  by g e l f i l t r a t i o n  under 
c o n d itio n s  where p e p t id e s ,  m onoiodotyrosine (MIT), and I  could  be
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s e p a ra te d  (5 4 ) . A ll th e  TCA -soluble r a d io a c t iv i ty  was accounted  f o r  
by I~ .
IV. D etegnH nation o f  T o ta l  C e l lu la r  ASOR R ecep to rs  in  H epatocyte
M onolayer C u ltu re
C e lls  i n  m onolayer c u l tu r e  w ere r in s e d  3 tim es w ith  1 ml KH-PVP-40 
(5°C ), and th e n  sc rap ed  in to  a  t o t a l  o f  1 ml KH-PVP-40. The sam ples 
w ere fro z e n  a t  —20°C u n t i l  u s e . ^^I-A SO R b in d in g  was m easured in  
thawed sam ples by th e  TX-100 s o lu b i l iz e d  r e c e p to r  a ssa y  (C hap ter I I ,  
M a te r ia ls  and Methods IIC ) o r  th e  EGTA-modLfied a ssay  to  unmask a l l  
re c e p to rs  (.Chapter I I ,  M a te r ia ls  and Methods I ID ) . C e l l  number was 
determ ined  by th e  LDH assay  a s  d e sc rib e d  in  C hapter I .
V. I s o la t io n  o f  th e  ASGP R ecep to r and P ro d u c tio n  o f  a  P o ly c lo n a l A ntiserum
A. I s o la t io n  o f  th e  ASGP R ecep to r. The ASGP re c e p to r .w a s  i s o la t e d  
from  a 1Z TX-100 e x t r a c t  o f  an ace to n e  powder o f  r a t  l i v e r  acco rd in g  to  
th e  method o f  Hudgin e t  a l  (55) ex cep t t h a t  a  s in g le  ASOR-Sepharose 
a f f i n i t y  column was used. The low pH e lu a te  from th i s  column was 
s o lu b i l iz e d  i n  SDS, reduced , a lk y la te d ,  and e le c tro p h o re se d  on a  
6.5-11% po ly acry lam id e  p r e p a ra t iv e  g e l i n  th e  p resen ce  o f  SDS. Three 
m ajor bands by Coomassie s ta in in g  o f  av e rag e  m o lecu la r w eigh ts  o f  
62 ,000, 52 ,000 , and 43,000 mw (m ajor band, mean o f 3 p re p a ra t io n s )  were 
v i s i b l e .  The m a jo r band was c u t from th e  g e l  and e lu te d  by e l e c t r o ­
p h o re s is  f o r  30 raLn a t  3 w a t ts .
B. P ro d u c tio n  o f  A ntiserum . Preimmune serum was c o l le c te d  from
2 r a b b i t s .  100 yg o f  p u r i f i e d  re c e p to r  band (mw 43 ,000 , i n  0.25% SDS) 
was e m u ls if ie d  i n  2 ml F re u n d 's  co n p le te  ad ju v an t and in je c te d  i n t r a -  
derm ally  in  each  r a b b i t .  The anim als w ere boo sted  a t  2 weeks w ith  
50 yg a n tig e n  in  F reu n d 's  in c o rp le te  a d ju v an t and b le d  a t  weekly 
in t e r v a l s  beg in n in g  7 days l a t e r .
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C. C h a ra c te r iz a tio n  o f  Tranune S e ra . 1. R ecep tor—Radioimmuno­
assay  (R3A) -  0.15 pg o f  a f f i n i t y - p u r i f i e d  ASGP r e c e p to r  i n  10 mM 
im id a z o le , pH 7 .2 , was d r ie d  onto  th e  s u r fa c e  o f  each  m ic r o t i t e r  w e ll .
The w e lls  were r in s e d  once w ith  10 nM T rls-H C l, pH 7 .7 , 0.02% TX-100,
0.1% BSA, 0.15 H NaCl, 0.02% a z id e  (TTX b u f fe r )  fo r  5 m in. S e r ia l  
d i lu t io n s  o f h e a t—in a c t iv a te d  whole serum  d i lu te d  in  1% BSA in  phosphate  
b u ffe re d  s a l in e  (PBS), 0.02% a z id e , pH 7 .4  (1% BSA-PBS-A) were in cu ­
b a te d  in  each  w e ll  f o r  2 h r  a t  5°C. The w e lls  w ere r in s e d  3 tim es
w ith  TTX b u f f e r  fo r  2 min each , and once w ith  10 mM T r i s  HC1, pH 7 .7 ,
125
150 mM NaCl, 0.1% BSA, 0.02% a z id e  (TBS b u f fe r )  f o r  5 m in. I -
7P ro te in  A (100,000 cpm» s . a .  4 to  7 x 10 cpm/pg) d i l u te d  i n  1% BSA-PBS-A
was p la c e d  in  each  w e ll  f o r  2 h r  a t  5°C.- The r in s e  p ro ced u re  was
re p e a te d , and th e  w e lls  were coun ted  in  a  Beckman biogamma co u n te r.
2. Immunoblots o f  Immune and Preimmune S era  -  A 6.5-11% SDS-PA g e l
was e le c tro p h o x e t ic a l ly  t r a n s f e r r e d  to  n i t r o c e l lu lo s e  p a p e r  f o r  4 h r
a t  a  c o n s ta n t 400 mA i n  25 mM T r i s ,  pH 8 .3 , 0.19 M g ly c in e , 0.1% SDS,
20% m ethano l. The n i t r o c e l lu lo s e  p a p e r  was p re - in c u b a te d  f o r  30 rain
a t  room tem p era tu re  in  wash b u f f e r  (0 .1 5  M NaCl, 10 nM T ris-H C l, pH 7 .4 ,
0.2% TX-100, 0.05% a z id e )  + 2% g e l a t in ,  and in c u b a ted  o v e rn ig h t a t  4°C
in  whole serum d i lu te d  1 :100 w ith  wash b u f f e r  p lu s  0.4% BSA. The p ap er
was r in s e d  in  wash b u f f e r  and u re a  (1 M u rea , 1% TX-100, 0 .1  M g ly c in e )
o 125a t  room tem p era tu re  and in c u b a ted  f o r  4 h r  a t  4°C in  I - P r o te in  A
g
(1 x  10 cpm/ml) d i lu te d  in  wash b u f f e r  + 0.4% BSA. The p ap er was 
r in s e d  as  b e fo re , d r ie d  and au to rad io g rap h ed  w ith  XAR-5 f i lm  and an 
in te n s i f y in g  sc re e n  (Dupont L ig h ten in g  P lu s ) .  3. P re p a ra t io n  o f  
Ig  F ra c tio n s  -  IgG f r a c t io n s  o f  inmune and preimmune s e r a  were p re ­
pared  by sodium su lp h a te  p r e c ip i t a t io n s  (5 6 ).




! v i .  C ell-R IA  w ith  a  M onoclonal A ntibody A g a in s t an H epatocyte B ile  
C a n a lic u la r  Membrane A ntigen  -  HA4 
M onoclonal a n tib o d ie s  w ere r a is e d  a g a in s t  i s o la te d  h e p a to c y te s  in  
t h i s  la b o ra to ry  (57) and one an tibody  (HA4) found by in d i r e c t  immuno­
f lu o re s c e n c e  to  s t a i n  o n ly  th e  b i l e  c a n a l ic u la r  (BC) s u r fa c e  o f  hepato­
c y te s  i n  s i t u ,  was s e le c te d  a s  a  BC d o m a in -sp e c if ic  re a g e n t. A c e l l -  
b t a  was developed to  q u a n t i ta t e  le v e ls  o f  a n t ig e n  in  m onolayer c u l tu re s  
o f  d i f f e r e n t  a g e s . F re sh ly  i s o la te d  c e l l s  and c e l l s  in  m onolayer 
c u l tu r e  r in s e d  tw ice  w ith  1 ml KH-PVP-40 (37°C) were f ix e d  f o r  30 
mln a t  5°C by th e  p a ra fo rm a ld e h y d e -ly s in e -p e r lo d a te  (PLP) p ro ced u re  
o f  Nakane e t  a l  (5 8 ). The c e l l s  were r in s e d  once w ith  PBS, once w ith  
0 .1  M T ris-H C l, pH 7 .4 , and quenched f o r  10 min a t  room te m p era tu re  
w ith  25 mg NaBH^ i n  50 ml 0 .1  M T ris-H C l, pH 7.4.* The c e l l s  w ere then  
r in s e d  tw ice  w ith  PBS and resuspended  in  1% BSA-PBS-A o r  p e rm e a b iliz e d .
Two p e rm e a b il iz a t io n  p ro to c o ls  were u sed  -  3 min m ethanol a t  -20°C o r  
2 nM EGTA in  D u lb ecco 's  PBS minus Ca and Mg ( to  p e rm e ab ilize  c e l l  
ju n c t io n s )  f o r  5 min a t  37°C. These c e l l s  w ere th en  r in s e d  tw ice  in  
PBS and resuspended  in  1% BSA-PBS-A. C e lls  were in cu b a ted  w ith  th e  
f i r s t  an tib o d y  (HA4 o r  P3U-1 (c o n tro l)  a s c i t e s )  d i lu te d  in  1% BSA-PBS-A 
o v e rn ig h t (16-18 hours) a t  5°C. The c e l l s  w ere th en  r in s e d  3 tim es w ith  
1 ml 1% BSA-PBS-A (5°C ), and th e  second an tib o d y  (* ^ I -g o a t- a n ti -m o u s e ,
100,000 cpm, 100 yl/10** c e l l s ,  200 y l / c u l t u r e  p la te ;  s . a .  4 -5  x 10^ cpm/ 
yg) added f o r  2 h r  a t  5°C. The c e l l s  were r in s e d  as above, th e  mono­
la y e r s  w ere sc rap ed  in to  1 ml 12 SDS, and  th e  r a d io a c t iv i ty  was counted. 
V II . I n d i r e c t  Im m unofluorescence
A. A n tib o d ie s . 1 . F i r s t  a n t ib o d ie s  -  a) HA4 o r P3U-1 a s c i t e s  -  
d i lu te d  1 :5  to  1:100 in  1% BSA-PBS-A w ith  10% norm al lamb serum ; b) aASGPR 
o r  preimmune serum, h e a t - in a c t iv a te d  whole serum o r  IgG f r a c t io n s  -
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d ilu te d  1 :2 0  to  1:100 w ith  10Z norm al goat serum . 2 . Second a n tib o d ie s  -  
a) RhodamLnated-sheep an ti-m ouse  (Rh-SAM) was absorbed  tw ice  a g a in s t  10^ 
FL P -fixed , quenched, and s o n ic a te d  (2 min, 5°C) s in g le  h ep a to cy te s  
and once a g a in s t  10^ f ix e d ,  quenched, and so n ic a te d  c u l tu re d  (48-72 h r )  
c e l l s  a t  5°C o v e rn ig h t in  PBS. The c e l l u l a r  m a te r ia l  was removed by 
c e n t r i f u g a t io n  a t  106,500 x  g f o r  60 min, and th e  3x -absorbed  Rh-SAM 
was d i lu te d  1:160 In  1Z BSA-PBS-A w ith  10Z norm al lamb serum  and s to re d  
a t  5°C. b ) Rhodam inated-goat a n t i - r a b b i t  (Rh-GAR) was absorbed  a g a in s t  
f ix e d , quenched, and s o n ic a te d  h ep a to cy te s  as d e sc rib e d  f o r  Rh-SAM 
ex cep t t h a t  10Z normal g o a t serum  was in c lu d e d  d u rin g  th e  a b so rp tio n s .
The 3x-absorbed  Rh-GAR was d i lu te d  1:110 i n  1% BSA-PBS-A w ith  10Z norm al 
goat serum  and s to re d  as above.
B. P ro ced u re . I s o la t e d  h ep a to cy te s  w ere r in s e d ,  f ix e d , and quenched 
as d e s c r ib e d  f o r  th e  ce ll-R IA . F e rm e a b iliz a tio n  w ith  m ethanol o r  
ace to n e  (10 mLn, -20°C, c e l l s  on c o v e rs lip s )  f o r  HA4 and 0 .5  mg/ml 
sap o n in  f o r  aASGPR w ere used . The f i r s t  an tibody  was a p p lie d  fo r  30 mln 
a t  37°C. The c e l l s  w ere r in s e d  a s  d e sc rib e d  f o r  th e  ce ll-R IA , and 
th e  second an tibody  was a p p lie d  f o r  30 mln a t  37°C. The c e l l s  were 
r in s e d  ag a in  and mounted In  PB S-buffered g ly c e ro l (60Z ). The s l id e s  
w ere viewed w ith  a  L e i tz  f lu o re sc e n c e  m icroscope.
I
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C hap ter I I I  
RESULTS
The Number o f  ASGP R eceptors D ecreases in  H epatocyte M onolayer C u ltu res
F resh ly  I s o la te d  h e p a to c y te s  were suspended in  d i f f e r e n t  fo rm u la tio n s
o f  c u l tu re  medium and p la te d  on 2 d i f f e r e n t  s u b s t r a ta .  These c u l tu re s
w ere sc reen ed  f o r  th e  numbers o f  su rfa c e  and t o t a l  ASGP re c e p to rs  (as  a
s in u s o id a l  domain m arker) o v e r 3 days o f  c u l tu r e .  T ab le  I  c o n ta in s  a
summary o f  th e s e  ex p erim en ts . In  a l l  cases  exam ined, th e  numbers o f
su rfa c e  and t o t a l  ASGP re c e p to rs  peaked a t  2 h r ,  b u t f e l l  d ra m a tic a lly
by day 3. The k in d  o f  su b s tra tu m  -  r a t  t a i l  tendon  c o lla g e n  (RTC) o r
p o ly ly s in e  -  had  no e f f e c t .  The p resen ce  o r  absence o f  dexam ethasone,
T^, ASOR, EGF, o r  in s u l in ,  d id  n o t p re v e n t th e  lo s s  o f  b in d in g  a c t i v i t y .
The p resen ce  o r  absence o f  serum  was n o t  im p o rtan t. I n  a l l  c a se s , c e l l
in t e g r i t y  a s  m easured by LDH a c t iv i t y ,  rem ained g r e a te r  than  82% and
th e  phase appearance o f  th e se  c e l l s  was unchanged from th a t  a t  day 1
(F ig u re  IB , C hap ter I ) .
One s e t  o f  c u l tu r e  c o n d itio n s  -  Complete Medium on RTC-coated p la te s  ■
was chosen f o r  a n a ly s is  o f  th e  phenomenon o f  d ecreased  ASGP b in d in g
a c t iv i t y .  The r a t i o  o f  th e  mean s u r fa c e  re c e p to rs  p e r  c e l l  a t  72 h r
and 2 h r  from  4 c e l l  p re p a ra t io n s  was 0 .2 0 , as was th e  r a t i o  o f  th e
mean t o t a l  r e c e p to rs  p e r  c e l l ,  0 .19  (T able I ) .  T h is in d ic a te s  th a t
b o th  s u r fa c e  and i n t r a c e l l u l a r  p o o ls  o f  ASGP re c e p to rs  l o s t  80% o f  t h e i r
b ind ing  a c t i v i t y  by day 3. T h is  i n i t i a l  ra p id  f a l l  i n  b in d in g  a c t iv i t y
le v e le d  o f f  so th a t  by day 7 , 52 ,000 c e l l  s u r fa c e  re c e p to rs  p e r  c e l l
(mean o f 2 c e l l  p re p a ra t io n s )  and 1 .7  x 10^ t o t a l  re c e p to rs  p e r  c e l l
(1  c e l l  p re p a ra t io n )  rem ained. T hat i t  was re c e p to r  number t h a t  f e l l
w ith  tim e and n o t a  lo s s  in  a f f i n i t y  o f re c e p to r  f o r  lig a n d  was demon-
125s t r a t e d  by m easuring th e  co n cen tra tio n -d ep en d en ce  o f  I-ASOR b in d in g
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TABLE I The E ffect o f D iffe ren t C ulture Conditions on the Maintenance of ASOR Binding
A
In  Hepatocyte Monolayer C ultures
Tine In Culture
(nean i  a .d . (N-number of c e l l  preps) Ratio
C ulture Conditions 0 Hr 2_Hr 24 Hr 48 Hr 72 Hr 
number of ASOR molecules per c e l l  (xIO-3 )
72/2 Hr
1. Complete Medium on RTC Surface 1.44 ± 0.50 (3) 4.68 1 0.46 (4) 3.82 ± 1 .3  (4) 1.64 ± 0 .85 (4) 0.915 i  0.43 (4) 0.20
Total 8.58 * 1.6 (3) 8.85 ± 0i96 (4) 6.60 t  1 .5  (4) 2.63 1 1.1 (4) 1.66 1 0.59 (4) 0.19
2. Complete Medium minus
dexamethasone and T^ on RTC
Surface n . d . * . 4 .8 (1) 2.3 (1) 0.57 (1) 0.27 (1) 0.056
3. Complete Medium minus
dexamethasone and T ,, p lus 
ASOR* on RTC J
Surface n .d . 4.8 (1) 2.3 (1) 0.57 (1) 0.20 (1) 0.042
A. Complete Medium on Polylysine Surface n .d . 1.71 1 0.92! (2) 1.65 1 0.69 (2) 0.605 1 0.05 (2) 0.51 t  0.084 (2) 0.23
Total 5.25 ± 0.83 (2) 4.96 i 1.8 (2) 2.54 ± 0.16 (2) 1.52 ± 0.37 (2) 0.84 ± 0.37 (2) 0.17
S. High In su lin  Medium on RTC Surface n .d . 3.1 (1) 1.6 (1) n .d . 0.013 (1) 0.004
Total n .d . 6.7 (1) 2.7 (1) n .d . 0.013 (1) 0.002
6. Serum-Free Medium on RTC Surface n .d . 4 .3 (1) 2.2 (1) 1.7 (1) 1.1 (1) 0.25
T otal n .d . 11 (1) 6.2 (1) 3.4 (1) 0.94(1) 0.084
A
Iso la te d  hepatocytes were suspended In the designated cu ltu re  medium and p la ted on RTC or p o ly ly sine . At the Ind icated  tim es, d u p lica te  p la te s were
removed fo r measurement o f surface (Chapter 1, M ateria ls and Methods) o r t o ta l  (Chapter 2, M ateria ls and Methods, IIC and D) ASCP re c e p to rs . C ells 
grown In serum were rin sed  with 5 aft EGTA before measurement of binding a c t iv i ty .  C ell number was determined by LDH a c t iv i ty .
J 20 yg/ml ASOR.
n .d . , not determined.
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to  0 and 72 h r  c e l l s  i n  th e  EGTA-TX-100 s o lu b i l iz e d  r e c e p to r  a s sa y .
F ig . 1 shows th e  co n parison  between 2 c e l l  p re p a ra t io n s  a t  72 h r  and
one p re p a ra t io n  o f  f r e s h ly  i s o la te d  h e p a to c y te s . The c o n c e n tra tio n  o f
■^I-ASOR needed f o r  half-m axim al b in d in g  (by S ca tch a rd  a n a ly s is  o f  t h i s
d a ta )  was 2 .0  nM f o r  f r e s h ly  i s o la te d  c e l l s  and 1 .1  nM f o r  72 h r  c e l l s .
These v a lu es  a re  s im i la r  to  th e  c o n c e n tra tio n  f o r  ha lf-m ax im al b in d in g  to  th e
s u r fa c e  o f f r e s h ly  i s o la te d  c e l l s  w hich was 2 .3  nM (F ig u re  5 , C hap ter I ) .
I n  o rd e r  to  determ ine w hether o r  n o t decreased  b in d in g  a c t i v i t y  in
o ld e r  c e l l s  i n  c u l tu r e  was accompanied by a  lo s s  o f  r e c e p to r  fu n c tio n ,
1.25 oth e  b in d in g , u p tak e , and d e g rad a tio n  o f  I-ASOR a t  37 C was compared 
w ith  th e  numbers o f  su rfa c e  and t o t a l  re c e p to rs  a t  d i f f e r e n t  tim es 
a f t e r  p la t in g .  The r e s u l t s  a re  shown i n  F ig u re  2. F i r s t ,  t o t a l  recep ­
t o r  number d e c lin e d  to  16% o f  th e  i n i t i a l  v a lu e  by 72 h r ,  w h ile  s u r fa c e  
r e c e p to r  number d ec reased  to  21% o f  th e  peak (2 h r)  v a lu e  (F ig u re  2A).
O lder c e l l s  w ith  lo w er b in d in g  a c t i v i t y  (F ig u re  2A) p ro c e sse d  few er
1 . 2 5
m olecu les o f I-ASOR (F ig u re  2B). The r a t e  o f  p ro c e s s in g  ( th e  sum
o f  th e  number o f  m o lecu les bound, in te r n a l i z e d ,  and m etab o lized ) o f 
125I-ASOR rem ained e s s e n t i a l ly  l i n e a r  o v e r 90 min f o r  a l l  ages o f  
c e l l s  (F ig u re  2B). R ecep tor a c t i v i t y ,  o r  th e  number o f  T C A -p rec ip itab le  
ASOR m olecules p e r  c e l l  p lu s  th e  number o f TCA -soluble ASOR m olecules 
m e tab o lized  p e r  c e l l  o v er 90 min was co n fu ted  and i s  p re s e n te d  in  T ab le  2 . 
Both s u r fa c e  and t o t a l  r e c e p to r  a c t i v i t y  were h ig h e s t a t  2 h r ,  lo w est 
a t  24 h r ,  and th en  began to  r i s e  o v e r  th e  n e x t 2 days o f  c u l tu r e .  Thus, 
a lth o u g h  o ld e r  c e l l s  had few er ASGP re c e p to rs ,  th e s e  re c e p to rs  con tin u ed  
to  fu n c tio n  a t  n e a r  norm al le v e ls  f o r  up to  3 days in  c u l tu re .
The I n i t i a l  L eve l o f  a B ile  C a n a lic u la r  Membrane A ntigen  -  HA4 -  i s  
M ain ta ined  in  H epatocyte M onolayer C u ltu res
A m onoclonal an tib o d y  to  an i n t r i n s i c  b i l e  c a n a l ic u la r  membrane
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125F igu re  1 . C o n cen tra tio n  dependence o f  I-ASOR b ind ing  to  EGTA/TX-100- 
s o lu b i l iz e d  c e l l s  a t  0 and 72 h r  in  monolayer c u l tu r e . Iso ­
l a t e d  c e l l s  (»■ ») and 72 h r  c e l l s  in  monolayer c u ltu re
(2 p r e p a ra t io n s ,  o o , A—A) w ere fro zen  and thawed once.
The EGTA/TX-100 s o lu b i l iz e d  r e c e p to r  assay  was perform ed in  
d u p lic a te  as  d e sc rib e d  i n  M a te r ia ls  and Methods, C hapter I I  
ex cep t th a t  the  ^"*I-AS0R ( s . a .  4x10^-1x10^ cpm/pg) was 
v a r ie d  as shown. N o n -sp e c if ic  b in d in g  was assessed  a t  each 
ASOR c o n c e n tra tio n  w ith  a 1 0 0 -fo ld  excess o f  u n labeled  ASOR 
and was 5-24% up to  1 .5  pg/m l I-ASOR, and 32-50% a t  
2 pg/m l.
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F ig u re  2. ASGP re c e p to r  number and lig a n d  p ro cess in g  decrease  i n
c u l tu r e . F re sh ly  i s o la te d  h ep a to cy tes  (2 d i f f e r e n t  c e l l
p re p a ra t io n s )  w ere c u ltu re d  in  com plete medium on RTC
coated p l a t e s ,  (a )  S urface  re c e p to rs  a f t e r  a  5 nM EGTA
rin s e  a t  5°C (o o) and t o t a l  re c e p to rs  by the  EGTA/TX-100
assay  ( •  • )  were m easured in  f r e s h ly  i s o la te d  c e l l s  and
in  m onolayer c u l tu r e s  o f  th e  ages shown. Each d a ta  p o in t
re p re se n ts  th e  mean o f  d u p lic a te  d e te rm in a tio n s  w ith in  a
c e l l  p re p a ra t io n .  The r a t i o  o f  s u r f a c e / to ta l  re c e p to rs  a t
each time p o in t  was c a lc u la te d  (x—x ) .  (b) D u p lica te
p la te s  Cat th e  ages shown) from each o f the c e l l  p re p a ra -
125tio n s  in  (a ) were in c u b a ted  w ith  1 pg/m l I-ASOR ( s .a .
6 7 n
A. 1x10 and 1.3x10 cpra/pg) a t  37 C f o r  th e  tim es shown
as d esc rib e d  i n  M a te r ia ls  and Methods I I I .  One p la te  a t
each tim e p o in t  was in c u b a ted  w ith  a  1 0 0 -fo ld  ex ce ss  o f
u n la b e led  ASOR. The sum o f  T C A -p red p itab le  r a d io a c t iv i ty
p e r  c e l l  (97% o f  c e l l —a ss o c ia te d  cpra) p lu s  the TCA-soluble
r a d io a c t iv i ty  in  th e  medium was d e fin ed  as th e  amount o f
ASOR p ro cessed  p e r  c e l l .  Each d a ta  p o in t  re p re s e n ts  the
mean o f  d u p lic a te  d e te rm in a tio n s  from one c e l l  p re p a ra t io n .

















































TIME AT 37°C (min)
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TABtE IX ASCP Receptor Function i s  Maintained as Receptor
*




gptors/C ell* P rocesslng /C ell/90  Min^ 
xlO (B) ;>
Surface Receptor 
A c tiv ity  B/A
T otal
**
R eceptors/C ell 
xlO (C)
T otal Receptor 
A c tiv ity  C/A
Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2
0 1.6 1.8 n .d . n .d . n .d . n .d . 8.9 10 n .d .i
n .d .
2 4.8 5.0 23 20 4.8 4.0 7.7 9.1 3.0
2.2
24 3.4 5.1 6.6 11 2.0 2.2 5.4 7.0 1.2 1.6
48 1.1 2.0 3.5 6.0 3.2 3.0 2.1 3.0 1.7 2.0
72 0.82 1.2 2.5 5.2 3.0 4.3 1.2 1.9 2.1 2.7
Data from the experiment shown in  Fig. 2.
1 S pecific  binding a f t e r  5 mM EGTA r in s e . Nonspecific binding was assessed  w ith  a 100-fold excess o f unlabeled  ASOR and was 1-10%. 
+
Processing  -  TC A -precipltable m o le c u le s /c e ll ( s p e c if ic )  + TCA-soluble m olecules in  m edium /cell ( s p e c i f i c ) .
** S pecific  binding. Nonspecific binding was assessed  with a 100-fold excess o f  unlabeled ASOR and was 10-25%. EGTA/TX-100 assay.
j g ly c o p ro te in , HA4 (5 7 ), was u t i l i z e d  a s  a n o th e r  d o m a in -sp e c if ic  
| re a g e n t. On f ro z e n  0 .5  pm s e c t io n s  o f r a t  l i v e r s ,  t h i s  a n t ig e n  
.has been lo c a l iz e d  to  th e  b i l e  f r o n t  membrane o f  h e p a to c y te s  by i n d i r ­
e c t  im m unofluorescence (F ig . 3 ) .  A t t h i s  le v e l  o f  r e s o lu t io n ,  no
s in u s o id a l  o r  l a t e r a l  membrane a n t ig e n  can be seen . Given th e  d ram a tic  
re d u c tio n  in  a  s in u s o id a l  f r o n t  membrane g ly c o p ro te in  ( th e  ASGP 
re c e p to r ) ,  we w ere in t e r e s t e d  i n  m easuring th e  le v e ls  o f  a  b i l e  f r o n t  
m arker in  m onolayer c u l tu r e s .
A ce ll-R IA  was developed f o r  th e  q u a n t i ta t io n  o f  HA4 i n  f r e s h ly  
i s o la te d  h e p a to c y te s . F ixed  and quenched h e p a to c y te s  w ere in c u b a te d
curve where th e  s ig n a l  to  n o is e  r a t i o  was h igh -and  a n tig e n  was 
l im i t in g .  F ig u re  4B i s  a  g raph  o f  th e  c e l l  c o n c e n tra tio n  dependence
l i n e a r i t y  in  th e  range  o f  c e l l  c o n c e n tra tio n s  en co u n te red  i n  th e  
m onolayer c u l tu r e s .
M onolayer c e l l s  o f  d i f f e r e n t  ages were f ix e d ,  quenched, and p e r -
s i t e s  (6 0 )) . T ab le  3 summarizes th e  d a ta  from RIAs perform ed on c e l l s  
t r e a te d  in  t h i s  manner. F i r s t ,  th e  amount o f  t o t a l  HA4 a n t ig e n  re ­
m ained unchanged o v er 8 days o f c u l tu r e  (mean o f  3-6 p r e p a r a t io n s ) ,  
a lth o u g h  th e re  was a s u b s ta n t i a l  v a r i a t io n  as  can be seen  by th e  s ta n d a rd  
d e v ia tio n . Secondly, a f t e r  24 h r , th e  amount o f  a c c e s s ib le  a n tig e n  
d ecreased , so th a t  an EGTA wash o r  co ld  m ethanol was n e c e ssa ry  to  
d e te c t  t o t a l  c e l l u l a r  a n t ig e n . On averag e , abou t o n e -q u a r te r  o f  th e  
c e l l u l a r  a n tig e n  was in a c c e s s ib le  to  im munoglobulin and re q u ire d  some
1  n p
w ith  HA4 o r  P3U-1 ( c o n tro l )  a s c i t e s  a t  5°C and th en  w ith  I-GAM,
F ig u re  4A i s  a  g raph  o f  th e  a s c i t e s  c o n c e n tra tio n  dependence. An
-4a s c i t e s  d i l u t io n  o f  2 x  10 .was th e n  chosen on th e  p o r t io n  o f  th e
-4o f  b in d in g  a t  an  a s c i t e s  d i l u t io n  o f  2 x  10 , and dem o n stra tes
-H-m eab ilized  w ith  m ethanol o r  2 mM EGTA (to  remove Ca from  c e l l  ad h esio n
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F ig u re  3. L o c a liz a tio n  o f  th e  a n tig e n  HA4 to  th e  b i l e  c a n a lic u la r
f ro n t o f r a t  h ep a to cy te s  i n  s i t u  by in d i r e c t  im m unofluorescence. 
C ourtesy o f  Dr. A. Hubbard, L. B raiterm an , and S. Cameron.
Rat l i v e r s  were p e rfu sed  w ith  normal s a l in e  fo r  1 min 
and then  p e rfu s e d -f ix e d  w ith  4% PFA/0.02% GA/0.1 M phosphate , 
pH 7 .4 , f o r  5 m in. Small squares were cu t and s to re d  in  
f ix a t iv e  f o r  2 days. 0 .5  pm se c tio n s  were c u t. The f i r s t  
antibody (IgG f r a c t io n  o f  HA4 a s c i te s )  w a s .d ilu te d  in  PBS 
p lu s  0.2% g e l a t in  and in cu b a ted  w ith  the  s e c tio n s  f o r  30 
min a t  25°C. The second antibody (R h -rab b it-an ti-m o u se ) 
was adsorbed tw ice a g a in s t l i v e r  homogenate, d i lu te d  as 
f o r  the f i r s t  an tib o d y , and incu b a ted  w ith  th e  s e c tio n s  
fo r  15 min a t  25°C. arrow = b i l e  c a n a lic u lu s .  S = s in u ­
s o id . ( x l l 3 4 ) . (a )  phase . Bar = 10 pm. (b) im m unofluorescence.
The im m unofluorescent s ta in in g  i s  confined  to  b i l e  c a n a l ic u l i .  
C ontro l s e c t io n s  (P3U-1) were b lack ..
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F igure  4 . C e ll RIA w ith  m onoclonal a n t ib o d ie s , (a) Dependence on
a s c i te s  c o n c e n tra t io n . F ixed and quenched (M a te ria ls  and
Methods VI) h e p a to c y te s  (1x10^ c e l ls /a s s a y )  from 2 c e l l
p re p a ra tio n s  (o , A) were in c u b a ted  w ith  100 y l  a s c i te s
(•  a A, HA4; o ~ o ,  A—A, P3U-1) d i lu te d  i n  1% BSA-
PBS-A o v ern ig h t a t  5°C. A fte r  r in s in g  3 tim es w ith  1 ml
1251Z BSA-PBS-A, th e  second an tib o d y , J I-GAM (100 y l ,  85,000
cpm) d i lu te d  in  th e  same b u f fe r  was ap p lied  fo r  2 h r  a t
5°C. The c e l l s  w ere then r in s e d  and counted. Each d a ta
p o in t re p re s e n ts  th e  mean o f d u p lic a te  d e te rm in a tio n s , (b)
Dependence on c e l l  c o n c e n tra tio n . Fixed and quenched h ep a to -
-4cy tes  from 2 c e l l  p re p a ra t io n s  w ere in cu b a ted  w ith  2x10 
d i lu te d  a s c i t e s  a s  d e sc rib e d  i n  (a ) excep t th a t  th e  c e l l  
number was v a r ie d  a s  in d ic a te d . F u rth e r  p ro cess in g  was as 
d esc rib ed  in  ( a ) ,  and each d a ta  p o in t  i s  the mean o f  d u p li­
c a te  d e te rm in a tio n s . The l i n e s  were drawn by l i n e a r  l e a s t  
sq u ares  a n a ly s is .  For HA4, r  = 0 .9 5 . For P3U-1, r  = 0 .7 4 .
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TABLE I I I  M ain ten an ce  o f  HA4 In  H e p a to c y te  M onolayer C u ltu re s
In  C ulture 
Hours ZAccessible HA4̂ " ZTotal HA4 a t  0 H r5
0-4 95 ± 8
II
(3) 100
24 83 * 12 (6) 108 ± 15 (6)"
48 76 * 11 (3) 87 1 27 (3)
72 76 (range 64-90) (2) 124 (range 74-173)
day 6-8 70 t  31 (3) 98 ± 36 (3)
Iso la te d  hepatocytes vere  c u ltu red  In  Complete Medium on RTC-coated p la te s .  At the 
Ind ica ted  time! th e  c e l l s  were r in sed  3 tim es. In  1 ml KH-PVP-40 (37°C) and once In 
2 cM EGTA In D ulbecco's PBS Qp^BS) wltlpyut Ca and Mg (to  remove Ca from t ig h t  
ju n c tio n s) or In  DPBS w ith  Ca yyd Mg . | ^or 5 min a t  37 C. The c e l l s  were rinsed  
tw ice in  DPBS w ithout o r w ith  Ca and Mg , and then fixed  and qyynched a y : described 
In M ate ria ls  and Methods V I. Some p la te s  (rin se d  In  DPBS w ith  Ca and Mg ) were 
perm eabllized w ith  methanol (-20°C) fo r 3 min, and rin sed  tw ice. C e ll RIAs were 
performed as described  In  M ate ria ls  and Methods V I. The methanol and ECTA methods 
gave s im ila r  r e s u l t s  and were averaged to g e th e r.
Z accesslb le HA4 -  sp e c if ic  HA4 cpa In fixed  c u l tu re s /s p e c if ic  HA4 cpm in  fixed  and 
perm eabllized c u ltu re s .
Z to ta l HA4 a t  0 h r ■ sp e c if ic  HA4 cpm In  perm eabllized c u l tu re s /s p e c if ic  HA4 a t  
0-4 h rs .
mean ± standard d ev ia tio n  (N -  number of c e l l  p re p s ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
. Hb
form o f  p e rm e a b il iz a t io n  f o r  d e te c t io n .
A s im i la r  RIA was perform ed w ith  an tiserum  to  a n o th e r  b i l e  cana­
l i c u l a r  domain m arker, le u c in e  am inopeptidase (LAPase) (5 ) . Over 7 
days o f  c u l tu re ,  t o t a l  LAPase ( tre a tm e n t w ith  0.2% TX—100 fo r  30 min) 
rem ained a t  th e  le v e l  o f  f r e s h ly  i s o la te d  c e l l s  (d a ta  n o t shown). In  
a d d i t io n ,  th e  amount o f  a c c e s s ib le  LAPase (no TX-100) was 91-93% o f  th e  
t o t a l  a n tig e n , in d ic a t in g  n e a r ly  com plete a c c e s s i b i l i t y  to  re a g e n ts . 
P re p a ra t io n  and C h a ra c te r iz a tio n  o f  Anti-ASGP R ecep to r A ntiserum
The a s ia lo g ly c o p ro te in  r e c e p to r  was i s o la te d  from  a  TX-100 e x t r a c t  
o f  an  ace tone powder o f  r a t  l i v e r  and a f f in i t y - p u r i f i e d  on an ASOR- 
Sepharose column. The s p e c i f i c  e lu a te  was 4 9 4 -fo ld  p u r i f i e d  o v e r th e  
s t a r t i n g  homogenate s p e c i f i c  a c t i v i t y  (Table I I I ) .  When th e  a f f i n i t y -  
p u r i f i e d  e lu a te  was an a ly sed  by SDS-PAGE, 3 bands o f  MW 62,000, 52 ,000 , 
and 43,000 by Coomassie Blue s ta in in g  (F igu re  5) w ere observed . T h is  
p a t te r n  i s  s im i la r  to  th a t  o bserved  by H arford  e t  a l  (61) f o r  a f f i n i t y -  
p u r i f i e d  re c e p to r .  The m ajor band (43 Rd) was c u t from th e  g e l and 
th e  p ro te in  e lu te d .  The e lu te d  f r a c t io n  ran  as  a  s in g le  band o f  MW
43.000 on SDS-PAGE (F ig u re  5 ) .
A n tis e ra  were r a is e d  in  r a b b i t s  a g a in s t th e  43 Kd band. S era  w ere
t i t e r e d  a g a in s t  a f f i n i t y - p u r i f i e d  re c e p to r  in  a  s o l id  phase RIA. Serum
125w hich gave an immune/preimmune r a t i o  ( in  cpm I-ProA ) o f  25 to  1 w ere
f u r th e r  c h a ra c te r iz e d . A f f in i ty - p u r i f ie d  re c e p to r  was ana ly sed  on a
6.5-11% SDS-PAGE g e l ,  t r a n s f e r r e d  to  n i t r o c e l lu lo s e  p ap er, and in c u b a te d
125w ith  whole serum fo llow ed by I - P r o te in  A. The au to rad iog ram  o f  th e  
immunoblot (F ig u re  6) showed la b e l in g  o f 2 bands, th e  m ajor band o f
43 .000  MW, and one o f  the  m inor bands. H arford  e t  a l  (61) s im i la r ly  
observed  th a t  p o ly c lo n a l an tise ru m  r a is e d  a g a in s t  th e  43,000 MW band, 
la b e le d  a l l  3 re c e p to r  bands a f t e r  im m unoblotting. S im ila r ly  a m onoclonal
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TABLE IV P u r if ic a tio n  o f the ASCP Receptor
Fraction
T otal P ro tein  
 “B
S pecific  A c tiv ity  
ng/uR P ro tein
t
Y ield P u rif ic a tio n
Acetone powder homogenate 
TX-100 homogenate 
TX-100 supernatant 

















The ASCP recep to r was Iso la ted  from an acetone powder o f  r a t  l iv e r  as described In  M ateria ls and Methods V. 
P ro te in  was measured by the method o f  Lowry e t  a l  ( 59 ) .
t  125
I-ASOR binding was measured In  each f rac tio n  by |lje  so lu b ilize d  recep to r assay described In Chapter 2, 
M ateria ls and Methods IIC. S pecific  a c t iv i ty '"  ng I-ASOR bound per pg p ro te in .
F igure  5 . SDS-PAGE o f th e  p u r i f i c a t io n  scheme of th e  ASGP r e c e p to r .
The ASGP re c e p to r  was i s o la te d  as d e sc rib e d  in  M a te r ia ls  
and Methods V. Samples from th e  p re p a ra t io n  in  T able I I I  
were analy sed  by SDS-PAGE. Lane 1 * m o lecu la r w eight 
m arkers. Lane 2 = 100 yg ace to n e  powder homogenate.
Lane 3 = 100 yg TX-100 homogenate. Lane A = 100 yg TX-100 
e x t r a c t .  Lane 5 = 20 yg a f f i n i t y  e lu a te .  Lane 6 = 40 yg 
ammonium s u l f a t e  p r e c ip i ta te d  a f f i n i t y  e lu a te .  Lane 7 =
6 yg re c e p to r  band o f  MW A3,000 a f t e r  e l e c t r o - e lu t io n .
Lane 8 ** m o lecu la r w eigh t m arkers.
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1 4 9
4  5
9 4  k d -
6 8  k d - 
6 0  k d -
4 3  k d -
2 6 k d -
13 k d -
8
A
- 2 0 0  kd
- 9 4  kd
- 6 8  kd 
- 6 0  kd
—43 kd
—2 6  kd 
13 kd





F igure 6 . A utoradiogram  o f th e  immunoblot o f  a f f i n i t y - p u r i f i e d  ASGP 
re c e p to r  and r a t  l i v e r  plasm a membranes w ith  ASGP re c e p to r  
a n ti-se ru m . Immunoblots were run as d e sc rib ed  in  M a te ria ls  
and Methods VC. Lane 1 and 3 = 100 pg r a t  l i v e r  plasm a 
membranes. Lane 2 and 4 = 6 pg a f f i n i t y  p u r i f ie d  ASGP 
re c e p to r .  Lanes 1 and 2 = immune serum. Lanes 3 and 4 = 
preimmune serum.
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an tibody  p rep a red  a g a in s t  th e  m ajor band, su b se q u en tly  reco g n ized  a l l
3. Our an tise ru m  was a ls o  used  in  an immunoblot o f  r a t  l i v e r  p lasm a
membranes p rep a red  acco rd ing  to  th e  method o f  Hubbard e t  a l  (62)., and
a  s in g le  band o f  45,000 MW was d e te c te d  (F ig u re  6 ) . T h is  s l i g h t
d if f e re n c e  in  m o lecu la r w eig h t may r e f l e c t  th e  in c lu s io n  o f p ro te a se
in h i b i to r s  d u rin g  i s o l a t i o n  o f  th e  plasm a membranes.
Whole serum and th e  IgG f r a c t io n  w ere t e s t e d  fo r  th e  a b i l i t y  to
b lo c k  ^^I-ASO R b in d in g  to  i s o l a t e d  h e p a to c y te s  a t  5°C and to  TX-100
s o lu b i l iz e d  r e c e p to r  from  i s o l a t e d  c e l l s ,  and w ere found to  i n h i b i t
b in d in g  by 20Z a t  most o v e r preimmune serum. The i n a b i l i t y  o f  an tise ru m
p rep a red  a g a in s t  th e  SD S-denatured re c e p to r  band o f  MW 43,000 to  i n h i b i t  
125 I-ASOR b in d in g  has a ls o  been  observed  by H arfo rd  e t  a l  (6 1 ).
Because th e  an tise ru m  was r a is e d  a g a in s t  th e  m ajor band o f  a f f i n i t y -  
p u r i f i e d  ASGP re c e p to r , gave a  s ig n i f i c a n t  t i t e r  a g a in s t  r e c e p to r  over 
preimmune serum , s ta in e d  th e  c h a r a c t e r i s t i c  s u b u n its  by im m unoblotting , 
and, by in d i r e c t  im m unofluorescence o f  0 .5  pm fro z e n  s e c t io n s  o f  r a t  
l i v e r ,  s p e c i f i c a l ly  s ta in e d  o n ly  th e  s in u s o id a l  membrane o f h e p a to c y te s  
(s e e  F ig u re  7 ) , we w i l l  use th e  an tise ru m  as  a  s in u s o id a l  domain- 
s p e c i f i c  re a g e n t i n  th e  s tu d ie s  to  fo llow .
I n d i r e c t  Im m unofluorescence on H epatocyte M onolayer C u ltu re s  w ith  Two 
Domain—S p e c if ic  A n tibod ies
The im munoglobulin f r a c t io n  o f  a n t i - a s ia lo g ly c o p r o te in  r e c e p to r  
a n tise ru m  p rep a red  a g a in s t  th e  m ajor band o f  th e  a f f i n i t y - p u r i f i e d  
r e c e p to r  was used to  s t a i n ,  by  in d i r e c t  im m unofluorescence, 0 .5  pm 
fro z e n  s e c t io n s  o f  p e r fu s e d - f ix e d  r a t  l i v e r .  At t h i s  le v e l  o f  r e s o lu ­
t io n ,  on ly  th e  s in u s o id a l  mem&rane o f  th e  h e p a to c y te  was s ta in e d  
(F ig u re  7 ) . F re sh ly  i s o la te d  h ep a to cy te s  w ere th e n  in c u b a ted  w ith  e i t h e r  
whole serum o r  th e  IgG f r a c t io n ,  and a p a t te r n  o f  b r ig h t ly - s ta in e d
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F ig u re  7 . L o c a liz a tio n  o f  th e  ASGP re c e p to r  to  the s in u s o id a l  f ro n t
o f  r a t  h ep a to cy te s  in  s i t u  by in d i r e c t  inm nm ofluorescence. 
C ourtesy o f  Dr. A. Hubbard, L. B raiterm an, and S . Cameron.
Rat l i v e r s  were p e r fu s e d , fix ed , and se c tio n e d  as 
d e sc rib e d  in  F igure  3 . The s e c tio n s  were in c u b a ted  w ith  
th e  im munoglobulin f r a c t io n  o f  serum d i lu te d  in  PBS p lu s  
0.2% g e la t in  and 0.02% sap o n in  fo r  30 min a t  25°C, and 
th en  w ith  R h -g o a t-a n ti- ra b b i t  d i lu te d  as above fo r  15 min 
a t  25°C. The f i r s t  and second an tibody in c u b a tio n s  were 
rep e a te d  ag a in  to  enhance th e  s ta in in g ,  arrow  = b i le  
c a n a lic u lu s .  S = s in u s o id . ( x l l3 4 ) .  (a) p h a se . Bar = 10 pm. 
(b) im m unofluorescence. Im m unofluorescent s ta in in g  l in e s  
s in u s o id a l  menbranes and i s  f a in t ly  d e te c ta b le  on some 
l a t e r a l  s u r fa c e s .  B ile  c a n a l ic u l i  a re  f re e  o f  s t a in .  C on tro l 
s e c tio n s  (preinmune IgG) w ere b la c k .
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uniform  r in g s  c o n s is te n t  w ith  a  plasm a menbrane lo c a t io n  f o r  th e  a n t i ­
gen was observed  (F ig u re  8 ). T h is r e s u l t  was a ls o  in  agreem ent w ith  
th e  u l t r a s t r u c t u r a l  o b se rv a tio n s  w ith  ASOR-HRP which su g g es ted  th a t  
the  e n t i r e  c e l l  s u rfa c e  o f  th e  i s o la te d  hepatocy te  p o sse ssed  b in d in g  
a c t i v i t y .  At 3 h r  fo llo w in g  p la t in g  in  co n p le te  medium on RTC, h ep a to ­
cy te s  d isp la y ed  an a l t e r e d  appearance . The c e l l s  w ere somewhat rounded 
(F ig u re  9) and th e  plasm a membrane s ta in in g  (w ith  IgG f r a c t io n )  was 
more prom inent on f r e e  edges th an  b e tw ee n 'a d jace n t c e l l s ,  perhaps 
r e f l e c t i n g  th e  geom etry o f  th e  cu rv in g  c e l l  membranes. C e lls  f ix e d  
w ith  sapon in  (C hapter I I ,  M a te r ia ls  and Methods IIB ) (F ig u re  9) showed 
s l i g h t l y  enhanced i n t e r c e l l u l a r  s ta in in g  w ith  a  "hazy" appearance 
a d ja c e n t to  th e  membrane. A t 24 hou rs  o f  m onolayer c u l tu r e  th e  c e l l s  
had f la t te n e d  c o n s id e ra b ly  (F ig u re  10 ). The in c lu s io n  o f  sapon in  i n  
th e  f ix a t iv e  enhanced f r e e  edge and I n t e r c e l l u l a r  membrane immuno­
f lu o re sc e n c e  (F ig u re  1 0 ) . The sh arp n ess  o f  th e  I n t e r c e l l u l a r  s ta in in g  
a t  24 h r  as compared w ith  3 h r  could  a ls o  r e f l e c t  th e  f l a t t e n in g  o f  
th e  c e l l s  f a c i l i t a t i n g  th e  a lignm en t o f  c e l l  s u r fa c e s  i n  th e  m icroscope . At 
48 h r ,  th e  in c lu s io n  o f  sapon in  d u rin g  f ix a t io n  ag a in  enhanced i n t e r ­
c e l l u l a r  im m unofluorescence (F ig u re  1 1 )) ,  however, a  sp eck led  cy to p lasm ic  
s ta in in g ,  more prom inent n e a r  th e  n u c le i  was now observed  in  th e se  
ex trem ely  f la t te n e d  c e l l s .  These r e s u l t s  su g g es t t h a t  th e  s in u s o id a l  
domain m arker i s  d is t r ib u te d  bo th  on f r e e  edges and i n t e r c e l l u l a r  
membranes o f c u ltu re d  h e p a to c y te s . The appearance o f  i n t r a c e l l u l a r  IMF 
i s  c o n s is te n t  w ith  th e  in t e r n a l  p o o l lo c a l iz a t io n  in  C hapter I I ,  b u t 
v a r ia b ly  seen  a t  t h i s  r e s o lu t io n .  A more p re c is e  PM lo c a l iz a t i o n  must 
aw a it th e  use o f  o r ie n te d  0 .5  pm fro z e n  s e c tio n s  o f  m onolayer c u l tu r e s  
to  id e n t i f y  th e  s u b s t r a te  and b i l e  c a n a l ic u la r - l ik e  su r fa c e s  o f  th e se  
c e l l s .
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F igure  8. I n d i r e c t  im m unofluorescent lo c a l iz a t io n  o f th e  m ajor band
o f  th e  ASGP re c e p to r  on i s o la te d  h e p a to c y te s . F re sh ly  is o ­
la te d  h ep a to cy te s  were f ix e d  in  2% PFA 0.01% GA/ 0 .1  M 
phosphate pH 7 .A f o r  30 min, quenched, and in c u b a ted  w ith  f i r s t  
th e  IgG f r a c t io n  (1 :50  d i lu t io n )  o f  immune and preimmune 
serum and second i n  Rh-GAR as d esc rib e d  in  M a te r ia ls  and Methods 
V II . (a ) and ( c ) : im m unofluorescence, (b) and (d ) phase.
(a) immune IgG. A uniform  r in g  o f  flu o rescen ce  surrounds 
most c e l l s  and i s  b r ig h te r  where 2 c e l l  membranes a re  in  
c o n ta c t.  Bar, 20 pm. . (x476). (c ) preimmune IgG.
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F igu re  9 . I n d i r e c t  im m unofluorescent lo c a l iz a t io n  o f  th e  m ajor band
o f th e  ASGP re c e p to r  on hepa to cy tes  a f t e r  3 h r  i n  monolayer 
c u l tu r e . I s o la te d ’h ep a to cy te s  were c u ltu re d  in  complete 
medium on RTC-coated p l a t e s .  At 3 h r ,  p la te s  were fix e d  as 
d e sc rib e d  below and p ro cessed  fo r  in d i r e c t  im m unofluorescence 
as d e sc rib e d  in  M a te r ia ls  and Methods I I I .  The IgG f r a c t io n  
o f  immune and preimmune serum was d i lu te d  1 :5 0 . ( a ) ,  ( c ) ,
( e ) . Im m unofluorescence, (b ) ,  (d ) ,  ( f ) .  P hase , (a) C ells  
were f ix e d  w ith  2% PFA/0.01% G a/0.1 M phosphate , pH 7 .4 , fo r  
30 mLn. Im m unofluorescent s ta in in g  w ith  immune IgG i s  
observed p redom inan tly  on f re e  edges o f  the c e l l s  d i r e c t ly  
a c c e s s ib le  to  th e  medium. B ar, 20 um (x476). (b) By phase
m icroscopy, the  c e l l s  appear h ig h ly  rounded, (c ) C e lls  were 
s im u ltan eo u sly  f ix e d  and perm eab ilized  in  2% PFA/0.01X Ga/
0 .5  mg/ml sapon in / 0 .1  M phosphate, pH 7 .4 , f o r  30 min. Saponin 
tre a tm e n t has re v e a le d  i n t e r c e l l u l a r  membrane b o rd e rs  (a rro w s). 
The "hazy" s ta in in g  o v er th e  cytoplasm  may r e f l e c t  th e  
c o n tr ib u tio n  o f  th e  o v e r ly in g  plasm a membrane as w e ll  as any 
i n t r a c e l l u l a r  re c e p to r ,  (e )  C ells  were f ix e d  as d e sc rib e d  
in  ( c ) .  Preimmune IgG. No background s ta in in g  i s  observed.
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F igure  10. I n d ir e c t  im m unofluorescent lo c a l iz a t io n  o f  th e  m ajor band
o f  th e  ASGP re c e p to r  i n  h ep a to cy te s  a f t e r  24 h r  in  monolayer 
c u l tu r e . 24 h r  a f t e r  p la t in g  c e l l s  w ere f ix e d  and p rocessed  
f o r  in d i r e c t  im m unofluorescence as d e sc rib e d  in  F igure  9 .
The IgG f r a c t io n s  o f  immune and preimmune serum were d i lu te d  
1 :5 0 . B ar, 20 pm (x476 ). ( a ) ,  ( c ) ,  (e) Im m unofluorescence,
( b ) ,  (d ) ,  ( f )  P hase , (a )  and (b ) .  C e lls  were f ix e d  a s  
d esc rib ed  in  F igure  9a and in cu b a ted  w ith  immune IgG. The 
s ta in in g  i s  reduced as compared w ith  3 h r  c e l l s .  NP = non- 
parenchymal c e l l s .  By phase mLcroscopy (b ) ,  th e  c e l l s  appear 
f la t te n e d  as compared w ith  3 h r  c e l l s ,  (c )  and (d) c e l l s  
were f ix e d  as d e sc rib e d  i n  F igure  9c and in c u b a ted  w ith  
immune IgG. Saponin tre a tm e n t has rev e a le d  the  i n t e r c e l l u l a r  
membrane s ta in in g .  The e n t i r e  plasm a meirbrane shows a  un i­
form re c e p to r  d i s t r i b u t io n  a t  t h i s  r e s o lu t io n .  A l i g h t  p e r i ­
n u c le a r  s ta in in g  appea rs  in  many o f  th e se  more f la t te n e d  c e l ls  
(a rro w s), (e) and ( f ) .  C e lls  were f ix e d  as  d esc rib ed  in  (c) 
and in cu b a ted  w ith  preimmune IgG.
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F ig u re  11. I n d i r e c t  im m tm ofluorescent lo c a l iz a t io n  o f  th e  m ajor band o f  
th e  ASGP re c e p to r  in  h ep a to cy te s  a f t e r  48 h r  in  monolayer 
c u l tu r e . 48 h r  a f t e r  p la t in g  c e l l s  were f ix ed  and p ro cessed  
f o r  in d i r e c t  im m unofluorescence as d esc rib e d  in  F igure  9c. 
IgG f r a c t io n s  o f  iraiune and preimnune serum were d i lu te d  
1 :2 0 . Bar, 20 pm (x 4 7 6 ). (a) and ( c ) ,  im m unofluorescence,
(b ) and (d) phase , (a )  and (b) Saponin p e rm e a b iliz a tio n  
re v e a ls  i n t e r c e l l u l a r  membrane p e r in u c le a r  s ta in in g  as seen  
in  F igure 10c. Arrows = p e r in u c le a r  s ta in in g ,  (c) and (d) 
preimmune serum.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
! The b i l e  c a n a l ic u la r  m arker, HA4, was used in  an analogous fa sh io n
i
| to  th e  ASGP re c e p to r .  F ig u re  3 i s  an  in d i r e c t  in m u n o flu o rescen t l o c a l i -  
; z a t io n  o f  HA4 on 0 .5  pm fro zen  s e c tio n s  o f  p e r fu s e d - f ix e d  r a t  l i v e r .
| In  c o n t ra s t  to  th e  p a t te r n  seen  w ith  th e  ASGP r e c e p to r ,  on ly  th e  b i l e
t
■ c a n a l ic u la r  s u r fa c e  o f th e  h ep a to cy te  was s ta in e d .  F ig u re  12 p re s e n ts  
: th e  im m unofluorescent p a t te r n  o f  HA4 on f r e s h ly  i s o l a t e d  h e p a to c y te s .
At t h i s  tim e when 95Z o f  th e  a n tig e n  i s  a c c e s s ib le  to  re a g e n ts  (T ab le  IV ), 
: a  non uniform p a t te r n  was observed . A lthough th e  e n t i r e  membrane s u rfa c e
■ appeared  to  c o n ta in  HA4, i t  was c o n c e n tra te d  i n  p a tc h e s ,  u s u a lly  o p p o s ite  
: one an o th e r. T h is  p a t te r n  was much more v a r ia b le  from  c e l l  to  c e l l
; th a n  was th a t  o b ta in e d  w ith  th e  ASGP re c e p to r  a n tib o d y .
To observe th e  p a t te r n  o f  QA4 s ta in in g  in  m onolayer c u l tu r e s ,  we 
: u sed  m ethanol o r  ace to n e  tre a tm e n t a f t e r  PFA f ix a t io n .  M ethanol was 
: a s s o c ia te d  w ith  an  a l t e r a t i o n  o f  c e l l u l a r  morphology to  th e  e x te n t  th a t  
I c e l l  plasm a membranes were p u lle d  a p a r t  from  one a n o th e r , so we w i l l
; p r e s e n t  th e  r e s u l t s  o f  ace tone  tre a tm e n t o f  c e l l s  grown on c o v e r s l ip s .
At 4 h r ,  c e l l s  (no ace to n e  o r  m ethanol) grown i n  Complete Medium on RTC 
I co a ted  c o v e rs lip s  showed i n t e r c e l l u l a r  and f r e e  edge membrane s ta in in g  
; (F ig u re  1 3 ). A t 24 h r ,  ace to n e  p e rm e a b il iz a t io n  re v e a le d  i n t e r c e l l u l a r  
me mbran e  s ta in in g  and o c c a s io n a l p a tc h e s  o f  c o n c e n tra te d  f lu o re sc e n c e  
betw een c e l l s  (F ig u re  1 3 ). Over th e  n e x t s e v e ra l  days f r e e  edge 
f lu o re sc e n c e  was l e s s  prom inent th an  i n t e r c e l l u l a r  membrane s t a in in g .
At no tim e, up th ro u g h  th e  7 days exam ined d id  we observe  e x c lu s iv e
s ta in in g  o f  b i l e  c a n a l ic u la r - l ik e  sp aces .
We screened  a  v a r ie ty  o f  c u l tu r e  c o n d itio n s  by in d i r e c t  imnuno- 
f lu o re sc e n c e  w ith  HA4 to  see  i f  any c o n d itio n  le d  to  a  " r e p o la r iz a t io n "  
o f  th e  b i l e  c a n a l ic u la r  a n tig e n . The fo llo w in g  c o n d itio n s  a l l  gave a
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Figure 12. I n d i r e c t  iirnnmo f lu o re s c e n t  lo c a l iz a t io n  o f  HA4 on the su rface
o f  f re s h ly  i s o la te d  h e p a to c v te s . F resh ly  i s o la te d  h ep a to - 
c y tes  were f ix e d , quenched, and in cu b a ted  w ith  a s c i t e s  
fo llow ed by Rh-SAM as d esc rib ed  in  M a te r ia ls  and Methods V II. 
B ar, 20 ym. (x756). (a ) and (c ) im m unofluorescence, (b)
and (d ) phase . (a )  and ( b ) . HA4, 1:100 d i lu t io n .
(c ) and (d) P3U-1, 1:100 d i lu t io n .
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F igure  13. I n d i r e c t  Immunofluorescence lo c a l iz a t io n  o f  HA4 on h epatocy tes 
a f t e r  4 h r  in  m onolayer c u l tu r e . C e lls  a f t e r  4 h r  in  mono­
la y e r  c u ltu re  were f ix e d  in  2Z PFA/0.01Z G a/0.1 M phosphate 
pH 7 .4 , and p ro cessed  as  d escrib ed  i n  M a te ria ls  and Methods 
V II. A sc ite s  d i lu t io n s  were 1 :50 . B ar, 20 pm (x476). (a)
and (c ) im m unofluorescence, (b) and (d) phase, (a )  and
(b ) .  HA4. S ta in in g  i s  observed along  i n t e r c e l l u l a r  membranes.
(c ) and (d) P3U-1.
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F igure 14. I n d i r e c t  -immunofluorescence lo c a l iz a t io n  o f  HA4 on h ep a to -
• I
c y te s  a f t e r  24 h r  i n  monolayer c u l tu r e . C e lls  a f t e r  24 h r  
i n  m onolayer c u l tu re  were f ix e d  in  2Z PFA/0.1 M phosphate , 
pH 7 .4  o v e rn ig h t a t  5°C and p ro cessed  as d esc rib ed  in  
M a te r ia ls  and Methods V II. B ar, 20 pm (x476). ( a ) ,  ( c ) ,
( e ) ,  Cg) im m unofluorescence, (b ) ,  (d ) ,  ( f ) ,  (h) phase . 
( e ) - (h )  p e rm e a b iliz a tlo n  w ith  ace tone a t  -20°C f o r  10 min.
(a ) and (b) HA4 a t  a 1:10 d i lu t io n .  Im m unofluorescent 
s ta in in g  i s  observed on plasm a menbrane su rfa c e s  a c c e s s ib le  
to  th e  medium. Some p e n e tra t io n  inw ard from the  edge o f  the  
m onolayer i s  seen , (c) and (d) P3U-1 c u ltu re  medium a t  a 
1 :1  d i lu t io n ,  (e) and ( f )  HA4 a t  a 1:10 d i lu t io n .  Acetone 
p e rm e a b iliz a tlo n  a f t e r  FFA f ix a t io n  re v e a ls  HA4 a n tig en  over 
a l l  plasm a membrane s u r fa c e s .  H ighly co n cen tra ted  pa tch es  
o f  s ta in in g  (arrow s) between some c e l l s  a re  observed . A 
"hazy" cy top lasm ic s ta in in g  may be a com bination o f  o v e rly in g  
plasm a mezbrane and i n t r a c e l l u l a r  a n tig e n , (g) and (h) P3U-1 
c u l tu r e  medium a t  a 1 :1  d i lu t io n .
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s im ila r  p a t t e r n  to  t h a t  o b ta in e d  w ith  Complete Medium on KTC: 1)
Complete Medium w ith  15 mu/ml in s u l in  on RTC; 2) Complete Medium on 
human p la c e n ta l  c o llag en  (F ig u re  1 5 ); 3) High in s u l i n  medium on RTC;
4) S erum -free  medium on RTC.
We have observed  2 membrane domain m arkers in  h e p a to c y te s  i n  
monolayer c u l tu r e .  The ASGP re c e p to r  ( s in u s o id a l  domain) i s  reduced 
in  number b o th  a t  th e  c e l l  s u r fa c e  and i n t r a c e l l u l a r l y ,  y e t  rem ains 
f u n c t io n a l ly  e q u iv a le n t to  r e c e p to r  on f r e s h ly  i s o la te d  c e l l s .  By 
im m unofluorescence we d e te c t  re c e p to r  un ifo rm ly  d i s t r i b u te d  around the  
e n t i r e  c e l l  plasm a membrane. In  c o n t r a s t  to  th e  ASGP r e c e p to r ,  th e  
b i l e  c a n a l ic u la r  m arker, HA4, i s  m a in ta in ed  a t  th e  l e v e l s  d e te c te d  on 
f re s h ly  i s o l a t e d  c e l l s .  A lthough i t  i n i t i a l l y  (24 h r)  shows a  pa tchy  s u r fa c e  
d i s t r i b u t io n  rem in iscen t o f  a  b i l e  c a n a l ic u la r  p a t te r n  i n  s i t u ,  i t  
becomes more even ly  d i s t r i b u te d  around, th e  e n t i r e  c e l l  s u r fa c e  w ith  tim e 
in  m onolayer c u l tu r e .  In  o rd e r  to  more p r e c i s e ly  i d e n t i f y  th a  lo c a t io n s  
o f  th e se  a n t ig e n s , we need  to  im prove upon th e  r e s o lu t io n  o f  th e se  
s tu d ie s  -  f i r s t  by u s in g  o r ie n te d  0 .5  ym fro z e n  s e c t io n s  and immuno­
f lu o re s c e n c e , and second by s tu d y in g  th e  u l t r a s t r u c t u r a l  lo c a t io n  w ith  
t r a c e r s  su ch  as P ro te in  A -gold , o r  g o a t-a n ti-m o u se  g o ld .










F igure 15. HA4 a n tig en  on h ep a to cy te s  a f t e r  24 h r  in  monolayer c u l tu r e
on human p la c e n ta l  c o lla g e n . C e lls  a f t e r  24 h r  in  c u l tu re  in  
co n p le te  medium on HPC were f ix e d  i n  2% PFA/0.1 M phosphate 
pH 7 .4  f o r  2 h r  a t  5°C and p ro cessed  a s  d esc rib ed  in  F igure 
14. Bar, 20 urn (x476). ( a ) ,  ( c ) ,  (e ) im m unofluorescence.
(b ) ,  (d ) , ( f )  p h ase , ( c ) - ( f )  p e rm e a b il iz a tlo n  w ith  ace to n e
as d esc rib e d  in  F igu re  14. (a ) and (b) HA4 a t  a  1 :5  d i lu t io n .
S ta in in g  i s  observed  on th e  f re e  edges o f th e  m onolayer.
Some p e n e tra tio n  inw ard from th i s  edge i s  o bserved . C = co llag en
(c ) and (d) HA4 a t  a 1:5 d i lu t io n .  Acetone p e rm e a b iliz a tio n  
a f t e r  PFA f ix a t io n  re v e a ls  HA4 a n tig e n  on i n t e r c e l l u l a r  membranes 
C oncen trated  p a tch es  o f  s t a i n  between some c e l l s  (arrow s) are  
observed . A "hazy" cy top lasm ic  s ta in in g  s im i la r  to  F igure  14e
i s  seen , (e) and ( f )  P3U-1 c u l tu re  medium a t  a 1 :1  d i l u t io n .
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DISCUSSION
* Pr-t-mary H epatocyte  M onolayer C u ltu re s  M ain ta ined  in  a V a r ie ty  o f
C ond itions Undergo a R eduction  In  S urface  and T o ta l ASGP R ecep to rs
When I s o la t e d  h e p a to c y te s  w ere p laced  I n  m onolayer c u l tu r e  under
| a  v a r ie ty  o f  c o n d itio n s , th e  numbers o f  s u r fa c e  and t o t a l  ASGP re c e p to rs
decreased  by 80Z over a  3 day p e r io d . The t h  f o r  d isap p ea ran ce  o f
b in d in g  a c t i v i t y  from th e  s u r f a c e  o f  h e p a to c y te s  m a in ta ined  in  Complete
Medium on r a t  t a l l  tendon c o lla g e n  averaged  40 h r ,  and th e  t% f o r  t o t a l
c e l l  b in d in g  was 30 h r .  S u rface  and I n t r a c e l l u l a r  re c e p to rs  p e r s is te d
a t  low le v e l s  fo r  up to  7 days In  c u l tu re .  The re d u c tio n  i n  ASGP
re c e p to rs  i n  c e l l s  in  m onolayer c u l tu r e  b e a rs  b o th  s i m i l a r i t i e s  and
d if fe re n c e s  to  th e  b eh av io r o f  c e l l  re c e p to rs  a f t e r  p a r t i a l  hepatectom y
in  v iv o . D uring th e  f i r s t  24 h r  o f  l i v e r  re g e n e ra tio n , a  p e r io d  o f
125ra p id  c e l l  p r o l i f e r a t i o n  th e  u p ta k e .o f  I-ASOR i s  reduced  o v er 90% (63 ).
However, i t  i s  th e  number o f  s u r fa c e  re c e p to rs  w hich i s  reduced  75% w ith  
on ly  a  20% re d u c tio n  in  t o t a l  c e l l u l a r  r e c e p to r s  (6 4 ), and t h i s  r e d i s t r i -
i
b u tio n  o f  b in d in g  a c t i v i t y  r e tu r n s  to  norm al a t  4 days a f t e r  su rg e ry .
Thus bo th  p rim ary  c u ltu re d  c e l l s  and re g e n e ra tin g  h e p a to c y te s  d ecrease  
th e  su rfa c e  re c e p to r  p o o l, y e t  re g e n e ra tin g  c e l l s  m a in ta in  a  la rg e  
i n t r a c e l l u l a r  pool w h ile  c u l tu re d  c e l l s  do n o t .
The m echanism (s) re s p o n s ib le  f o r  th e  re d u c tio n  in  c e l l u l a r  ASGP 
re c e p to rs  i n  c u l tu re  i s  unknown. An enhanced r a te  o f  r e c e p to r  degrada­
t io n  a n d /o r  a  decreased  s y n th e t ic  r a t e  may be o c c u rr in g . Could t h i s  
be a  problem  r e la te d  to  an in c re a s e d  c a ta b o l ic  s t a t e  (65, 66) o r  one o f  
changing gene exp ress io n ?  The ASGP re c e p to r  i s  ab sen t from  many hepatoma 
c e l l  l i n e s  ex cep t fo r  th e  r e c e n t ly  i d e n t i f i e d  Hep G2 l i n e .  The number
J  !
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o f  s u r fa c e  re c e p to rs  on Hep G2 i s  th e  same o rd e r  o f m agnitude as  
prim ary  h ep a to cy te  c u l tu r e s  a f t e r  72 h r  i n  Complete Medium, and th e  
r a t e  o f  l ig a n d  u p take  by Hep G2 c e l l s  i s  low er th an  jUa v ivo  r a te s  
(6 7 ).
L iv e r  d is e a s e  i n  v ivo  i s  a s s o c ia te d  w ith  a  lo s s  o f  ASGP re c e p to r  
a c t i v i t y .  In  humans and r a t s ,  c i r r h o s i s  has been c o r r e la te d  w ith  an 
in c re a se d  c i r c u la t in g  l e v e l  o f  a s ia lo g ly c o p ro te in s  (6 8 -7 0 ) . The 
p rim ary  c u l tu r e s  d e sc r ib e d  h e re  have none o f  th e  f e a tu r e s  o f  g e n e ra l 
d ise a se d  s t a t e s  such a s  f i b r o s i s  o r  d ec re a se d  c e l l  s u r v iv a l .  Thus, 
t h i s  i s  an u n lik e ly  e x p la n a tio n  fo r  th e  observed  phenomena.
The L eve l o f  a  B ile  C a n a lic u la r  Domain M arker, HA1̂ 11, i s  M ain tained  
in  P rim ary  H epatocyte  C u ltu re s , b u t i n  a  N on-Polar D is t r ib u t io n
F re sh ly  i s o la te d  h e p a to c y te s  m a in ta in  s t a r t i n g  le v e l s  o f  th e  b i l e  * 
c a n a l ic u la r  a n tig e n , HAA. In  a  p re lim in a ry  s tu d y , th e  b i l e  domain 
m arker, le u c in e  am Lnopeptldase was a ls o  m a in ta in ed  a t  i n i t i a l  l e v e l s .
The s u r fa c e  d i s t r i b u t io n  o f  HA4 changed from a  p o la r iz e d  one in  v ivo  
to  a  n o n -p o la r iz e d  one i n  m onolayer c u l tu r e .  A lthough p o ckets  o f  
co n c e n tra te d  a n t ig e n  in d ic a te d  by c o n c e n tra te d  im m unofluorescence between 
some c e l l s  were observed  a t  24 h r , th e  r e s t  o f  th e  plasm a membrane 
b e tw een * ce lls  and a d ja c e n t to  th e  medium e x h ib ite d  s ta in in g  as w e ll .
T h is p e r s i s te d  th rough  7 days o f  c u l tu r e .  The p a t te r n  o f  membrane 
s ta in in g  was s im i la r  to  t h a t  observed  w ith  an tib o d y  to  th e  s in u s o id a l  
m arker, th e  ASGP re c e p to r ,  excep t f o r  th e  absence o f  i n t e r c e l l u l a r  
pockets  o f  co n c e n tra te d  a n tig e n  in  th e  l a t t e r  c a se . B efore th e  
d i s t r i b u t io n  o f  th e se  a n tig e n s  a t  th e  l e v e l  o f  r e s o lu t io n  o f  immuno­
f lu o re sc e n c e  can be f irm ly  e s ta b l is h e d ,  o r ie n te d  0 .5  pm fro zen  s e c tio n s  
o f  m onolayer c u l tu re s  need to  be examined to  id e n t i f y  th e  s u b s t r a te ,  
medium, and I n t e r c e l l u l a r  s u r fa c e s .
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Given th e  n o n -p o la r iz e d  d i s t r i b u t io n  o f  b i l e  c a n a l ic u la r  m arkers 
in  th e se  c u l tu r e s ,  i t  would b e  in t e r e s t in g  to  id e n t i f y  b i l e  membrane 
fu n c tio n s  as  w e ll .  B a rth  and Swarz (38) dem onstrated  th e  s e c r e t io n  
o f  f lu o re s c e in  in to  i n t e r c e l l u l a r  c l e f t s  by a d u l t  r a t  h ep a to cy te  
c u l tu re s  i n  a  medium en rich ed  w ith  8 hormones. W hether o r  n o t s e c re ­
t i o n  o ccu rred  below th e  r e s o lu t io n  o f  im m unofluorescence in to  th e  medium 
from o v e rly in g  plasm a membrane was n o t determ ined . I t  i s  d i f f i c u l t  to  
im agine s t r i c t  and com plete se g re g a tio n  o f  b i l e  c a n a l ic u la r  m arkers 
and fu n c tio n s  to  th e  pockets betw een c e l l s  s e a le d  by t i g h t  ju n c tio n s  
(C hapter I )  s in c e  th e  m onolayer would be d es tro y ed  by s e c r e t io n .  S tu d ie s  
a t  th e  EH le v e l  u s in g  cy to  chem ica l dem onstra tions o f  a lk a l in e  phospha­
ta s e  and Mg-ATPase (p u ta t iv e  b i l e  domain m arkers) and 5 ' -n u c le o tid a s e  
(p re s e n t on a l l  s u r fa c e s )  re v e a le d  r e a c tio n  p ro d u c t on a l l  c e l l  su r fa c e s  
o f  h ep a to cy te s  c u l tu re d  f o r  up to  4 days in  medium supplem ented w ith  
serum, in s u l in ,  and dexam ethasone (3 7 ).
The la c k  o f  com plete r e p o la r iz a t io n  o f  plasm a membrane domain 
m arkers i n  o u r  work and th e  work o f  o th e rs ,  i s  i n  c o n t ra s t  to  th e  r e s u l t s  
seen  f o r  th e  e p i t h e l i a l  c e l l  l i n e ,  MDCK. R odriguez-B oulan and S a b a t in i 
(71) dem onstrated  th a t  in f lu e n z a  v iru s  and sen d a i v i r u s  bud s e le c t iv e ly  
from th e  a p ic a l  s u rfa c e , w h ile  VSV v iru s  buds e x c lu s iv e ly  from th e  
b a s o la t e r a l  s u r fa c e . These f in d in g s  were su g g e s tiv e  th a t  i n t r i n s i c  
plasm a membrane p ro te in s  may sh a re  in fo rm a tio n a l s ig n a ls  w ith  v iru s e s  
t h a t  determ ine re g io n a l s e g re g a t io n . Recent work w ith  VSV fused  by 
low pH to  MDCK m onolayers and s u r fa c e  radioim m unoassay o f  th e  G p ro te in  
dem onstrated  r e d i s t r ib u t io n  o f  G p ro te in  from a p ic a l  to  b a s o la te r a l  
o r  back to  a p ic a l  (7 2 ), th u s  I n d ic a t in g  th a t  more work needs to  be  done 
b e fo re  a c c e p tin g  a s t r i c t  domain s e g re g a tio n  h y p o th e s is . The b eh av io r 
o f  h ep atocy te  m onolayers i s  a ls o  in  c o n tra s t  to  th a t  o f  prim ary  mouse
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mammary  e p i t h e l i a l  c u l tu r e s  grown on p l a s t i c .  These c e l l s  un ifo rm ly  
p o la r iz e  w ith  a p ic a l  s u r fa c e s  fa c in g  th e  medium, a c t iv e ly  s e c r e te  
b a s o la te r a l ly ,  and form b l i s t e r  domes (7 3 ) .  When grown on f lo a t in g  
co llag en  membranes, th e se  c e l l s  p e r s i s t  f o r  a t  l e a s t  a  week (7 4 ).
Dome fo rm atio n  i s  r a r e  i f  hormones ( in s u l i n ,  h y d ro c o rtiso n e )  a re  n o t 
in c lu d ed  in  medium, and c e l l  d e n s ity  i s  c r i t i c a l .  The b l i s t e r  dome 
form ation  i s  a  n ic e  d em o n stra tio n  o f  f u n c t io n a l  p o la r i ty  i n  c u l tu re  
and has a ls o  been observed  f o r  MDCK c e l l s  (7 5 ).
Lack o f  Complete R e p o la r iz a t io n  o f  HA4 i s  O bserved Under C o n d itio n s  
That Would G re a tly  A ffe c t T hyro id  C e ll P o la r i ty
When a d u l t  r a t  h e p a to c y te s  w ere c u l tu r e d  in  se ru m -free  medium o r  
medium supplem ented w ith  10 o r  15% FBS, th e  p a t te r n  o f  HA4 im m unofluorescence 
was v i r t u a l l y  i d e n t i c a l .  However, f o r  th y ro id  e p i t h e l i a l  c e l l s  in  
prim ary  c u l tu r e  th e  sw itch  from  0.5% to  5% serum caused  th e  re v e rs io n  
o f th y ro id  f o l l i c l e s  in  w hich th e  a p ic a l  s u r fa c e  i s  o r ie n te d  tow ards 
th e  lumen to  a  s i t u a t io n  w here th e  a p ic a l  s u r fa c e  i s  now fa c in g  
outw ards C76-79). In  th e s e  s tu d ie s  th e  m arker was th e  p re sen ce  o f 
e le c tro n -d e n se  c o l lo id  accum ulated  in  th e  lumen. However, t h i s  c r i t e r io n  
may n o t b e  s t r i c t  enough. F ay e t e t  a l  (80) grew th y ro id  f o l l i c l e s  
in  se ru m -free  medium th a t  had  lumens f i l l e d  w ith  c o l lo id ,  responded 
to  th y ro tro p in  by an in c re a s e  in  io d id e  t r a n s p o r t  a c t i v i t y ,  and 
le u c in e  am inopeptidase on th e  a p ic a l  s u r fa c e  by im m unofluorescence.
These c u l tu r e s  s e c re te d  a  la rg e  amount o f  th y ro g lo b u lin  i n t o  th e  medium 
th a t  could  n o t be e x p la in ed  by th e  p e rc e n ta g e  o f m iso r le n te d  c e l l s  
measured by le u c in e  am inopep tidase  im m unofluorescence. Thus th e  
ap p aren t r e p o la r iz a t io n  o f  th y ro id  c e l l s  in  c u l tu re  may a c tu a l ly  
co n ta in  a degree  o f  d is o rd e r  in  su rfa c e  a n tig e n  topography s im i la r
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to  t h a t  observed  in  ou r s tu d ie s .
T.-f nrt t a t io n s  o f  th e  H epatocyte M onolayer C u ltu re  System f o r  th e  Study
o f C e ll S u rface  P o la r i ty  and S uggestions fo r  F u r th e r  Work
The d a ta  p re se n te d  in  C hapter I I I  su g g es t t h a t  p rim ary  h ep a to cy te  
m onolayer c u l tu re s  r e g u la te  th e  le v e ls  o f  th e  2 domain m arkers d i f f e r e n t ly .  
ASGP b in d in g  s tu d ie s  showed th e  numbers o f  s u r fa c e  and t o t a l  r e c e p to rs  
to  d ec re ase  by 80Z. To confirm  th a t  th e  im m unodetectable r e c e p to r  
d ec re ase s  as w e ll  as th e  fu n c t io n a l  b in d in g  c a p a c ity ,  RIAs sh o u ld  be  
perform ed w ith  th e  an tibody  to  th e  re c e p to r . RIAs perform ed w ith  th e  
m onoclonal an tibody  to  HA4 need  to  he p e r fe c te d  to  a s s e s s  th e  p ercen ­
ta g e  o f  a n tig e n  con fined  to  b i l e  c a n a l ic u la r - l ik e  sp a c e s . O rien te d  
fro z e n  s e c tio n s  would a s s i s t  i n  t h i s  d e te rm in a tio n  f o r  bo th  a n t ib o d ie s  
and im m unofluorescence. Double la b e l in g  w ith  f lu o r e s c e in  and rhodamine 
would confirm  c o - lo c a l iz a t io n .  I f  e le c tro n  m icro sco p ic  t r a c e r s  cou ld  
be used  -  P ro te in -A -g o ld  and an ti-im m unoglobulin  G -gold  -  th e  p r e c is e  
domain lo c a l iz a t i o n  could  b e  o b ta in e d .
I f  th e  r e s u l t s  o f  th e  above experim ents su g g es t t h a t  r e p o la r iz a t io n  
i s  incom plete  i n  th e se  c e l l s ,  th e n  perhaps o th e r  means o f  in d u c in g  
p o la r i ty  may be ex p lo red . Embedding c e l l s  in  c o lla g e n  g e ls  composed 
o f  type 1 and I I I  c o lla g e n s , and f ib ro n e c t in ,  growth i n  se ru m -free  
medium supplem ented w ith  more hormones and growth f a c to r s ,  i n i t i a t i n g  
c u l tu r e s  w ith  re g e n e ra tin g  l i v e r  c e l l s  a f t e r  p a r t i a l  hepatectom y, 
a l l  may he lp  p ro v id e  th e  t r i g g e r  f o r  r e p o la r iz a t io n .
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